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REMARKS 

Claims 35-42 and 44-58 were pending in the present application before entrance of the 
present Amendment. Claims 35-42 and 44-58 stand rejected. Claims 35, 46, and 58 are amended 
by the present Amendment. Applicant submits that no new matter has been added to the application 
by these amendments. Applicant respectfully requests reexamination and reconsideration of the 
claims, as amended. Each of the rejections levied by the Examiner is addressed in turn below. 

Rejection under 35 U.S.C. S 112. first paragraph 

Claims 35-42 and 44-58 stand rejected by the Examiner under 35 U.S.C. § 1 12, first 
paragraph, for lack of enablement. The Examiner maintains that the specification, while being 
enabling for a pharmaceutical composition for "treating" cardiac arrhythmias, does not reasonably 
provide enablement for "preventing" cardiac arrhythmias. 

Claims 35-42 and 44-58 are directed to pharmaceutical compositions for suppressing 
aberrant electrical activity in an electrically excitable tissue such as the brain, heart, and uterus that 
is effective to treat epilepsy, cardiac arrhythmias, or pre-term labor. According to the Examiner, the 
application fails to provide an enabling disclosure for the fiiU scope of the claimed subject matter 
(Office Action on page 2). Applicant respectfiiUy disagrees. 

Applicant notes that the Examiner must consider not just a single factor, but a totality of the 
circumstances involving many factors when making a determination that the claims not enabled. In 
re Wands, 858 F.2d 731, 737, 8 USPQ2d 1400, 1404 (Fed. Cur. 1988). Applicant submits that an 
analysis of the Wands factors weighs in favor of Applicant's assertion of enablement of the fiiU 
scope of the claims, as discussed in detail below. 

Breadth of the Claims 

The breadth of the claims is reasonable in view of the teachings in the specification, as 
described fiirther below in view of the other Wands factors. Applicant disagrees with the assertion 
by the Examiner that the instant specification does not reasonably provide enablement for 
preventing cardiac arrhytiimias. Drugs that prevent cardiac arrhythmias are known in the art and 
include beta blockers, potassium channel blockers, and other compoimds such as those disclosed in 
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the instant Application on page 13, line 22 to page 14, line 7. Thus, one of ordinary skill in the art 
would be able to identify subjects at risk of cardiac arrhythmia and would be able to select a suitable 
antiarrhythmic agent for preventing cardiac arrhythmia without undue experimentation. 

Nature of the Invention 

The nature of the invention is a pharmaceutical composition for suppressing electrical 
activity in an electrically excitable tissue effective to treat epilepsy, cardiac arrhythmias, or pre-term 
labor. The composition comprises a site 1 sodium channel blocker, a local anesthetic, a 
glucocorticoid receptor, and an additional component selected from the group consisting of 
antiepileptic drugs, tocolytic agents, and antiarrhythmic agents. 

State of the Prior Art 

The state of the prior art is advanced. Applicant describes the state of the art in the 
specification and indicates that oral pharmacology has been used previously to decrease or eliminate 
unwanted activity leading to disorders in electrically excitable tissues (see, for example, page 1, 
lines 16-23, of the specification). Applicant takes issue with the assertion by the Examiner that "the 
skilled artisan would view that prevention of cardiac arrhythmias totally, absolutely, or 
permanently, so as to not even occur is highly unlikely." Those of ordinary skill in the art, for 
example, physicians, routinely prescribe medications for the prevention of cardiac arrhythmias. A 
cardiac arrhythmia is a potentially life-threatening condition for which it is desirable to prevent the 
occurrence of an arrhythmia. Medication may totally prevent arrhythmias in some subjects, 
whereas in other subjects medication may reduce the frequency of arrhythmias. It is understood in 
the art that a variety of factors including genetic, environmental, and dietary may affect the efficacy 
of a medication. Although total, absolute, or permanent elimination of arrhythmias is desirable, 
such a result is not necessary. Since no medication is 100% effective in the population, decreasing 
the chances of arrhythmias is sufficient. Regardless, independent claim 35 does not require that 
arrhythmias be prevented from ever occurring rendering the rejection of this claim, and the claims 
that depend therefrom, moot. 
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Level of Ordinary Skill in the Art 

The level of ordinary skill in the art is high, requiring an M.D. and/or Ph.D. degree with 
postdoctoral training. The relevant arts include medicine, pharmaceutical science, polymer 
chemistry, medicinal chemistry, and the treatment of disease states involving deleterious electrical 
activity in excitable tissues. The skilled artisan is generally familiar with methods for preparing 
pharmaceutical compositions comprising anti-epileptic drugs, tocolytic agents, or antiarrhythmic 
agents and prescribing or administering such compositions. 

Level of Predictability of the Art 

The Examiner asserts that the skilled artisan would view treatment to prevent cardiac 
arrhythmias totally, absolutely, or permanently, as highly unpredictable. Applicant notes that 
amended independent claim 35 does not require that cardiac arrhythmias be prevented. 

Applicant respectfully disagrees that, in view of the state of the art and Applicant's teaching, 
this factor weighs against enablement. Applicant notes that the specification discloses a number of 
compounds for the treatment of cardiac arrhythmias and that the general effectiveness of these 
compounds in connection with treating or preventing cardiac arrhythmias is known. See, for 
example, Goodman and Oilman 's The Pharmacological Basis of Therapeutics, 8* Edition, pages 
841-873, submitted herewith. It is well known in the art that a physician may independently 
administer a plurality of drugs at a variety of doses to a subject to determine an effective treatment 
for that particular subject. Although the effectiveness of a specific drug indicated for the prevention 
of cardiac arrhythmias may not necessarily be known a priori, it is without undue experimentation 
and within the ability of one of ordinary skill in the art to select an effective drug, for example, 
based on the results of trial and error or correlation between the effectiveness of a drug and one or 
more characteristics of a particular subject to be treated. As noted in "State of the Prior Art" section 
above, prevention of cardiac arrhythmias is not lunited to instances where arrhythmias are totally, 
absolutely, or permanently prevented but includes instances where the likelihood of a subject 
experiencing a cardiac arrhythmia is reduced. Thus, one of skill in the art using the inventive 
compositions to treat or prevent cardiac arrhythmias, would be able to determine, without undue 
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experimentation, whether and to what extent a given composition within the scope of the present 
claims would be effective in treating and preventing such conditions. 

Amount of Direction Provided 

The amount of direction provided by the Applicant in the specification is substantial. The 
specification (see, for example, page 19, line 20, to page 21, line 13) and the prior art provide 
various techniques that are applicable to methods for administration of such compositions. The 
specification at page 19, lines 18-19, discloses how to diagnose a patient with cardiac arrhythmias. 
Administration profiles and combination ratios of the active agents are readily determined by those 
of ordinary skill in the art based on the specification, further in view of data in the prior art. One of 
skill in the art could readily determine the effective level of each of these characteristics by routme 
experimentation based on this information. 

Existence of Working Examples 

The existence of working examples is not a necessary requirement to establish whether or 
not undue experimentation would be needed to practice the claimed invention. However, examples 
are provided on page 5, lines 4-17, and page 7, lines 5-8. These examples are believed to provide 
enough information for one of ordinary skill in the art to make and use the claimed invention. 

Quantity of Experimentation Needed 

The amount of experimentation required to practice the invention within the scope of the 
claims that stand rejected on this ground, m view of the totality of teachings of the specification of 
this application and the state of Ihe art, is believed to be no more than routine experimentation. 
Applicant respectfully disagrees tiiat those of ordinary skill in the art would view preventing cardiac 
arrhythmias as highly unpredictable. As noted above, because agents that prevent cardiac 
arrhythmias are disclosed in the specification and known in the art, Applicant believes one of 
ordinary skill in the art would be able to select an agent for treating or preventing cardiac 
arrhythmias for use in the compositions of independent claim 35 without undue experimentation. 
As noted above, one of skill in the art would recognize that the effectiveness of an agent will vary 
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among subjects in a population and that some subjects may respond better (i.e., the agents prevent 
cardiac arrhythmias completely) than others (i.e., the agents reduce the likelihood of cardiac 
arrhythmia). It is within the realm of routine experimentation for one of skill in the art, such as a 
clinician, to determine the most effective agent for a particular subject. Furthermore, in view of the 
fact that it is xmderstood in the art that a cardiac arrhythmia is a deleterious condition, therapeutic 
benefit is achieved both by treating the arrhythmia to eliminate this condition and by practicing 
preventative medicine whereby the likelihood of a subject experiencing an arrhythmia is reduced. 
Applicant notes that prevention is not a binary term where cardiac arrhythmia is either prevented 
totally, absolutely, or permanently or not at all. Rather, prevention encompasses the range between 
these extremes, inclusive of total, absolute, or permanent prevention. It is a common and accepted 
occurrence that agents have variable efficacy within a population of subjects, thus it is not unlikely 
that prevention efficacy is also variable. A survey of the art (including references cited in the 
specification, references of record in the present application, and submitted herewith) provides 
evidence of the fact that such methods in general are known to those skilled in the art. 

Therefore, a fiill and fair analysis of the Wands factors strongly suggests that the Applicant 
has enabled the claimed invention throughout its full scope. Accordingly, withdrawal of the 
rejection imder § 1 12, first paragraph, is respectfully requested. 

Applicant has amended the term "agent for treating or preventing cardiac arrhythmias" to the 
term "anti-arrhythmic agent" in the claims since this is a more commonly used name for such 
agents. Support for the use of this term can be found on page 5, line 6, of the originally filed 
specification. By making such a change in nomenclature, Applicant is not conceding the 
Examiner's position regarding treating and preventing and is not surrendering any claim scope. 

Reiection under 35 U.S.C. S 103(a) 

Claims 35-36, 39-42, 44-51 and 56 are rejected under 35 U.S.C. § 103(a) as being 

unpatentable over published international PCT patent application, WO 98/51290 ("Kohane") in 
vjew of U.S. Patent Application Publication 2002/0010194 ("Levin") and U.S. Patent No. 6,133,299 
("Taylor"). The combination of Kohane, Levin, and Taylor do no render obvious the claimed 
invention. As noted by the Examiner, Kohane does not teach an additional component including 



1789230.1 



Application No. 10/727,032 
Response dated October 28, 2009 



11 



DocketNo.: M1237.70024US01 



anti-epileptic drugs or that the electrically excitable tissue is brain tissue. To remedy this 
deficiency, the Examiner has combined Kohane with Levin and Taylor; however, there is no 
teaching or suggestion cited by the Examiner to combine these references. The three references 
merely provide the various components of the claimed composition in one form or another, but 
there is no teaching to combine particular components as recited in the pending claims to form the 
claimed compositions. There is certainly no teaching or suggestion in the combined references to 
prepare a composition comprising a site 1 sodium channel blocker, a local anesthetic, a 
glucocorticoid receptor agonist and an additional component selected from the group anti-epileptic 
drugs, tocolytic agents, and anti-arrhythmic agents, as in claim 35. Rather the Examiner seems to 
have impermissibly used the present Application as a blueprint to construct the claimed invention 
out of the prior art. The Examiner has not estabished a prima facie case of obviousness; therefore, 
Applicant requests that the rej ection be removed. 

Claims 35-36, 39-42, 44-51, and 57-58 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kohane in view of U.S. Patent Application Publication 2001/002404 ("Webb"), 
U.S. Patent No. 5,756,497 ("Bell"), U.S. Patent No. 5,387,419 ("Levy"), and Fauza et al. (J. 
Pediatric Surgery, 1999, 34, 540-542) ("Fauza"). The combination of Kohane, Webb, Bell, Levy, 
and Fauza also do not render obvious the claimed invention. The Examiner asserts that Kohane 
does not teach an additional component selected from the group consisting of tocolytic agents or 
anti-arrhythmic agents or that the electrically excitable tissue is heart or uterine tissue. To remedy 
this deficiency, the Examiner combined Kohane with Webb, Bell, Levy, and Fauza; however, there 
is no teaching or suggestion cited by the Examiner to combine these references. The five references 
merely provide the various components of the claimed composition in one form or another, but 
there is no teaching to combine particular components as recited in the pending claims to form the 
composition. There is certainly no teaching or suggestion in the combined references to prepare a 
composition comprising a site 1 sodium chaimel blocker, a local anesthetic, a glucocorticoid 
receptor agonist, and an additional component selected from the group consisting of anti-epileptic 
drugs, tocolytic agents, and anti-arrhythmic agents, as in claim 35. Rather the Examiner seems to 
have impermissibly used the present Application as a blueprint to construct the claimed invention 
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out of the prior art. The prior art does not render obvious the claimed invention; therefore, the 
Applicant requests that the rejection be removed. 

Applicant wishes to note that the Examiner point out that claims that require no more than 
mixing together two or three conventional herbicides are prima facie obvious subject matter. 
Applicant requests clarification regarding this point as the instant claims do not recite herbicides. 

Claims 52-54 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Kohane in 
view of Levin, Taylor, and U.S. Patent No. 6,352,683 ("ten Gate"). Claims 52-54 depend from 
independent claim 35. For the reasons noted above, it is believed that independent claim 35 is 
patentable. Dependent claims 52-54 should therefore also be patentable. Accordingly, it is 
respectfully requested that the rejection of dependent claims 52-54 also be withdrawn. 

In view of the above amendment, applicant believes the pending application is in condition 
for allowance. 

Applicant believes no fee is due with this response. However, if a fee is due, please charge 
our Deposit Account No. 23/2825, under Docket No. M1237.70024US01, from which the 

undersigned is authorized to draw. 

Dated: October 29, 2009 Respectfully submitted, 

Bv /C. Hunter Baker/ 

C. Hunter Baker, M.D., Ph.D. 

Registration No.: 46,533 

WOLF, GREENFIELD & SACKS, P.C. 

Federal Reserve Plaza 

600 Atlantic Avenue 

Boston, Massachusetts 02210-2206 

617.646.8000 
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CHAPTER 

35 ANTIARRHYTHMIC DRUGS 

Thomas Bigger, Jr., and iBk^n Hoffman 



Drug therapy for cardiac arrhythniias is 
based on knowledge of the mechanism, 
consequences, and natural history of the 
arrhythmia to be treated and on a clear un- 
derstanding of the pharmacology of the 
drugs to be used. The latter includes knowl- 
edge of drug action on the electrophysio- 
logical properties of normal and abnormal 
cardiac tissues V of their effects on the 
mechanical properties of the heart and vas- 
Qulature, and of their interactions with the 
autonomic nervous system and their effects 
on other oifgan systems. Optimal therapy of 
cardiac airhythmias requires an a.pf>recia- 
tioiiif of the pharmacokinetic properties ^of 
antiiaHfrhythmic drugs and how they afe af- 
fected, by disease. FipaUy, a broad kriowlr 
edge; of adverse effects of the agents and 
their potential ihteractions with other drugs 
is necessary to monitor the course of 
therapy. 

CARDIAC ELECTROPHYSIOLOGY 

Resting Potential. There is a voltage difiference 
across the surface membrane of aU cardiac cells, 
the resting transmembrane voltage or poteritial 
iVm). For most cardiac cells, the resting Fm is 
about r-80 to -90 mV relative to the extracellular 
fluid. The resting transmembrane concentration 
gradients for ions such as Na+ and K+ are estab- 
lished by active transport. Typical values for con- 
centrations of ions in myocardial cells (0 and in 
extracellular fluid (o) (in millimoles per liter of 
water) are [K]„ = 4.0, [K], = 150, [Na]„ = 140, and 
[Na],- - 6 to 12. If there were no voltage gradient 
across the membrane and the membrane were 
semipermeable to an ion, such as K^, K+ would 
difRise out of the cell until the concentrations in- 
side and outside were equal. However, the Na+- 
K exchange pump counteracts diffusional forces. 
In addition, fixed negative charges in the cell at- 
tract K and counteract the concentration gradient 
that promotes diffusion. When these forces are 
equal, no net flux of ions will occur. The Nemst 
equation can be solved for the voltage that will 
maintain the existing transmembrane concentration 

gradient for a particular cation at a constant value 

the equilibrium voltage Ex for a monovalent cat- 



>yherp [X],, is the concentration of the ioja in extra- 
ceUular fluid, [X], is the intracellular concentration, 
R is the gas constant, Tis the absolute temperature, 
and F is the Faraday constant. Given the ion eon^ 
eentrations listed above, jE:K = -^97 mV and E^^ = 
+65 mV. Since the resting membrane is permeable 
pnirianly to K+, the resting Vm is close to 
However, other ions, such as Na+, riiak^ sinall 
contributions to the resting Vm, as does the Nk+- 
K:*^ pump (because it exchanges 3 Na+ for 2 K^). 

i>icti6n Potentials. When cardiac cells are ex- 
cited a complex sequence of voltiag^ chiii^es oc- 
curs as a function of time, due to •changes in idiiic 
conductances across , the membi'arie,, A typical 
transinembrane action potential of a Plirkinje fiber 
is diagrammed in Figure 35-1 , A. The action poten- 
tial is divided into phases for purposes of descrip- 
tion and discussion. Phase 0 = rapid depolariza- 
tion; phase 1 = rai>id repolarization to the plateau 
level of voltage; phase 2 = the plateau of the acti<iii 
potential; phase 3 = rapid repolarization; ahd 
phase 4 = the diastolic voltage time course. A vari- 
ety of action potentials are. seen in the normal 
heart. Action potentials of sinus and atrioventricu- 
lar (AV) nodal cells have a slowly rising phase 0, 
mid phases 1, 2. and 3 are not clearly distinguished 
from one another. Also, many cells have a steady 
value of Vm during phase 4, whereas others dei)o- 
lanze spontaneously during this period. Automatic 
fiberis in the sinus node and His-Purkinje system 
reach a ma;xinial negative value of Vm at the end of 
phase-3 repolarization, which is followed by spon- 
taneous depolarization; excitation occurs when the 
Vm achieves the critical threshold voltage. The fir- 
ing rate of a normally automatic cell is determined 
by (1) the value of maximal diastolic voltage, (2) the 
slope of phase-4 depolarization, and (3) the value of 
the threshold voltage. When a cell or group of cells 
undergoes self-excitation by this process and initi- 
ates an impulse that propagates to the rest of the 
heart, it is known as a pacemaker. 

The ionic basis for the cardiac action potential 
continues to be the subject of active study. Al- 
though the voltage clamp technique has revealed 
clearly the ionic basis of action potentials in 
nerves, there are serious technical problems in the 
application of this technique to cardiac muscle. It 
has been most successfully used in cardiac Purkinie 
fibers. More recently, ionic currents have been m- 
vestigated by the voltage clamp technique using 
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. TIME (msec) ■ 

' Fi^re 35-1. Diagrammatic i^repre^entati^fi^l, 
^ of fdst.and slow responses from' mammatian r\ 
cardiac Purkinje fibers,' , ,' 

" ' A. Fast Response. The phases of thfe nor- 
' 'mal fast response are shown: depolarization 

' ^0); repolarization (/, 2, 5), and the diastolic 
,;^hase (4). Note the spontaneous phase-4 depo- 
'•'^liirization in this example. The rate of rise of 

■ phaise 0 is rapid, and propagation will be rapid. 
B. Slow Response. The slow response is 

"liiitiktfed frorii a reduced a0ss negative) level pf 
"'.Sjiaistolic transmembrane voltage, shbws slow 
,"'d|!polarization, aind has a long duration. Such 
: action potential propagates esxceedinigly .. 

"slpwly and leaves a^ long refractory wake. ' 

single, seardiac ceils or isolated patches of i plasma 
membrane (Grant , and Starmer, 1987; Tseng 4/,a/., 
1987; Gohen a/.y 1989). Current concepts of the 
genesis of the .cardiac action potential have been 
pe^iewed b;y Noble (1984) , Baumgaiten and F0z- 
zard (1986), Brown and Yatani (1986), Cohen and 
pjaileagues (1986), and Pelzer and Trautwein (1987); 
A summary of the important ionic currents is given 
in Table 35-1. ■ 

'. . Phase 0. In most cardiac cells, phase 0 is gener- 
ated by the movement of Na+ through selective 
(^SBnels that are activated in a voltage-dependent 
maSnner when the propagating cardiac impulse; oj* 
spontaneous phaser4 depolarization / causes, - titte 
hsaj^jti^estical m gate in the; channel to; open. The 
inward Na* current, iNa. isivery intense , but very 



brief; it is terminated by a process called inactiva- 
tion — rapid closure of a hypothetical gate (the h 
gate) in the Na^ channel. After inactivation, the 
Na"^ channel does not open agaiii until it has been 
reactivated by repolarization. Thus, the Na"^ chan- 
nel can exist in one of three states: resting, active, 
or inactivated. Most of the Na+ channels are closed 
during the plateau of the action potential, but a few 
are open, thereby permitting a small (inward) Na"^ 
current to flow. 

Phase 1. Quick repolarization to the plateau of 
the action potential is brought about by several fac- 
tors: the passive electrical properties of Purkinje 
fibers; inactivation of iNa^ and activation of i,oi, a 
transient outward (K^) current (Tseng and Hoff- 
man, 1989). 

Phase 2. The plateau of the action potential is 
one of the most unusual features of the cardiac 
action potential. Membrane conductance is lower 
during the plateau than during diastole (phase 4). 
Although two Ca^"^ channels, designated L and T, 
are activated on depolarization, the L channel (sen- 
sitive to Ca^'*"-channel blockers) is primarily re- 
sponsible for the curi-ent, ica. that flows during the 
plateau (Bean. 1985). This current is inactivated in 
a manner analogous to the inactivation of iNa- but 
the time, constant for inactivation of ica is much 
greater (50 msec as compared with , 0.5 msec). 
Therefore, /ca declines slowly .during liije, plateau. 
Because of low , membrane conductance,, , small 
changes in any iom^ current canvh^ye; a marked' ef- 
fect on the time course of < voltage, during, phase 2. 

Phase 3. A, time-dependent outward current 
that is carried primjirily by Kt (ik) plays an impor- 
tant role in terminating the plateau and causing the 
fiber to repolarize to normal diastplip .values ;Qf: Vnt 
(Gintant al., 1985), The /k channel ©pens at 
about —40 mV, willi a time Qonstant of abput 0.5 
second. By the end of the plateau, has waxed to 
a considerable value, vyhile I'ca has waned.. Phase 3 
is primarily the result of activated i'k in the pres^ 
ence of inactivating ica- On. repolarization, the. /k 
channel closes, promptly ; and- it reuMuns closed at 
values of Vm more negative, ittian r-SO mV. . . 

Phase 4. In many cells (e.g., ordinary atrial or 
ventricular muscle), Vm is constant during dias- 
tole; these cells will rest indefinitely until activated 
by a propagating impulse oii an external stimulus. 
Howeyer, as mentioned above, other cells exhibit 
spontaneous phase-4 depolarizatipn and self-exci- 
tation (i.e., automaticity ; see Figure 35^1, 4)- This 
type of behavior is characteristic of tire sinus node, 
AV node, and the His-Purkinje system. The main 
determinant of phase-4 depolarization is the pace- 
maker current (i» (DiFrancesco, 198ia, 1985). The 
{> begins to activate when the becomes more 
negative than -50 mV and progressively activates 
during diastole to depplarize the fiber. Both Na^ 
and contribute to i/;(PiFrancesco, 1981b)^ Sev- 
eral other ionic currents modulate phaseT4 depolaTf 
ization. Electrogenic; extrusipn of Na*; pan be an 
important part of. background outward current, 
Also, Ca^^ cuirent flowing through T channels may 
be important during the latter part of phase, 4 
(Hagiwara et al., 1988)i Sppntanepns activity of 
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Table 35-1. 


IONIC CURRENTS AND THE 


PURKINJE FIBER ACTION POTENTIAL 


CURRENT 


MAJOR ION 
RESPONSIBLE 
FOR THE 
CURRENT 


PHASE Of ; 
POTENTIAL. 


REVERSAL 
VOLTAGE (mVj 


DIRECTION OF 


PHYSIOI^OGICAL ROLE 




Na+ 


0 




Inward 


Depolarizes fiber dur^ig phase 0 


Ito2 

'Ca t * 


1 


—50 to —80 

• ? ^ ■ 


Outward 
Outward 


Rapid repolarization in phase 1 
Role uncertain 


Ga^* • 


1. 2 


+60 to +80 


Inward 


Contributes to plateau of action 
potential; triggers the release 
of internal Ca2+ 










Inward 


Physiological role uncertain 


3 


-70 


Outward 


Repolarizes fiber during phase 3 




K+ 


0. 1. 2, 3, 4 


-90 


Outward 


Maintains resting potential, 
tends tp repolarize fiber 




Na* 


, ■.•::4 ' 


T-10 to -20 


Inward 


Activation promotes spontaneous 
depolarization 


ibi 




0. 1. 2. 3. 4 


+40 t 


Inward 


Teftids to depolarize fiber 



* Referred to as ica in text. ; ■ 
t Current is inward at voltages negative to Er..,. 



sinus nodal cells is faster than' that of Purkiiue fi- 
beifs because i> activates ait a faster rate. _ 
Fast and Slow Responses. Two categories of 
cardiac action potentials can be distinguished: fast 
andsldw responses. DepolarizatiOii in the fast re- 
sponses (see Figure 35-1, A) is generated by an in- 
tense inward iNi. has a large, fast-rising phase 0, 
propagates very rapidly, and has a large safety fac- 
tor for conduction.' Normal atrial, ventricular, and 
Purkiflje fiber action potentials are examples of the 
fast response. The slow respoiise has a slowly ris- 
ing phase 0, propagates very slowly, and has a low 
safety factor for conduction (Figure 35-1,^): 
Action t)Otentials of cells in the sinus arid AV nodes 
are examples of slow responses seen under normal 
conditions. The main depolarizing current for Slow 
responses is carried by Ca^* and has the chatacter- 
istics of the current that flows thrdttgh L channels. 



Exdtability and Refractoriness. Excitability is 
traditionally measured in terms of the strength of 
an electrical jpulse required to excite the heart. The 
functional significance of changes in excitability is 
difficult to determine. Therefore, little emphasis is 
placed here On the effects of antiarrhythmic drugs 
on excitability. Refractoriness has been defined m 
many different ways; in this discussion, refractori- 
ness is used to refer to the duration of the effective 
refractory period (ERP), which is the mimmal m- 
terval between two propagating responses. In car- 
diac cells with fast responses, the ERP is closely 
linked to action potential duration (APD), because 
recovery of Na+ channels firom inactivation closely 
parallels i-epolarization. In cardiac cells with slow 
responses, refractoriness can outiast full repolar- 
ization (i.e.. ERP is longer than APD) because ica 
recovers only slowly from inactivation. Antiar- 



rhythmic drugs prolong the ERP relative to the 
APD in many types of cardiac cells. 

Responsiveness and Conduction. The term mem- 
brane responsiveness is used to describe the re- 
sponse of a cardiac fiber to a stimulus {e.g. , a prop- 
ag^itini action pdtential or applied electrical pulse). 
Cardiac fibers' do'not regain their ability to develop 
a normal response until repolariz;ation is corhplete. 
Changes in the maximal rate of di^Pplarization dur- 
ing Piias^ 0 (y„ax) provide an index of changes in 
avjulability 6f the N conductance system or the 
degree of j-ecovei^ from inactivation of the Na 
channel. Pl^ase-0 V^ax i^ an important determinant 
of conduction Velocity apd block of premature im- 
pulses. In cardiac Purkiixje fibers, the V^ax of a re- 
sponse is very strongly dependent on Vm at the in- 
stant of excitktion (5ce Figure 35-2). In normal 
fibers, the time constant for recovery from macti- 
vatibii of thfe'Ka^ channel is quite short, such that 
recovery 6f is primarily a function Of trans- 
membrane voltage as repolarization occurs. (:onse- 
quentiy, Vmox is similar when a Cardiac fiber is 
stimulated at a given level of Vm, regardless ot 
whetherUie fiber is stimulated during phase-3 rep«^ 
larization 'or during phase-4 depolarization. The 
time coiistant 'for recovery of Na+ channels is sig- 
nificantiy longer: (1) at low (more positive) values 
of Vm; (2) during treatment with antiarrhythmic 
drugs; and (3) in membranes altered by disease; 
The S-^shaped relationship between V^^x and Vm is 
typical not only of cardiac Purkinje fibers but also 
of atrial and ventricular muscle. Cells of the sinus 
node and the AV node do not regain full respon- 
siveifess unta well after repolarization is complete. 
There is a considerable safety factor in cardiac 
muscle (except in the sinus and AV nodes), since 
V^flx must be reduced to half or less of normal be- 
fore conduction velocity decreases. 
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TRANSMEMBRANE POTENTIAL (mV) 
Figurev35-2. Membrane responsiveness. 

Membrane responsiveness in a cardiac Pur- 
kinje fiber is depicted. The maximal rate of rise 
of depolarization during phase 0 is plotted as a 
function of transmembrane voltage at the time 
of activation. The solid line shows the relation- 
ship under normal conditions, and the dashed 
line depicts the effect of a moderate-to-high 

: eoncentEation, of quinidine. Quinidipe ; shifts 
the. rielationship Jon its voltage axis so; that a 

(ii-edjiced response is obtained at any given level 
^^-0f tra,nsmembtaneiyoltag€!,:ALls,o, the njaximal . 

. rate; of depolarization is rcsducedv . > - ; 

MECHANISMS RESPONSIBLE FOR 
CARpIAC ARRHYTHMIAS 

' ;;^^n' ai^hyt'hmia is aji; abnormality of rate, reguliEKr- 
ifi^, ;6f ^ite of origin of the cardiac impulse or a dis- 
turbance in eondiietlon that Causes iah alterja.tiotf in 
the horjmal §e<iuence of aetivatidri^^^o^ the atria and 
ventricles. Clinically, ventricular an-hythnuas are 
classified as benign, potentially malignant, or ma- 
ligifiant balsed on the risk of their causing sudden 
death (see Table 35-2). Such arrhythmias may arise 
befijEtiise of altefatioris itt impulse generafion, iiri- 
Rulse conduction, or both. • • • / 

Arrhythmias Due to Abnormalities 
OF Impulse G 

Thei-e are many? examples of arrhythmias that 
arisk because of either enhancement or faUure of 
normal autpmaticity. Mechanisms of abnormal aiir 
tomatiGity- arc also subjects;. of ongoing experimen- 
tal Jnt^rest..--: ; . 

" AlterediNbrmal Automaticity. When considering 
aithythmias du^to abnormalities of automaticity, it 
is important to> recall that only a few types df ^ar- 
diae cells frequently develop normal autOniaticity : 
Sinus node, distal AV nodetiahd the His-Purkihie 
syst^. Other cell types can developi automaticity 
as well. foT example, specialized alfialjfibers ill the 
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intemodal tracts and fibers near the ostium of the 
coronary sinus. 

Sinus Node. In the sinus node, rate can be al- 
tered by autonomic activity or intrinsic disease. 
Increased vagal activity can slow or stop sinus 
nodal pacemakers by increasing conductance 
(^k): this increases outward currents, hyperpb- 
larizes the pacemaker cells, and slows or stops 
their depolarization. Increased sympathetic traffic 
to the sinus node increases the rate of phase-4 de- 
polarization, probably by a combination of effects 
(.e.g., increased rate of activation of the pacemaker 
current i>; increased magnitude of /ca)- Intrinsic dis- 
ease of sinus nodal pacemaker cells seems to be 
responsible for faulty pacemaker activity in the 
sick sinus syndrome in man (Bigger and Reiffel, 
1979; Kerr et al, 1983). The precise mechanism 
and pathogenesis are still unknown. 

PurkinJe Fibers. Augmented automaticity in the 
His-Purkinje system is a common cause of ar- 
rhythmias, in human subjects. Increased sympa- 
thetic nerve activity can cause a substantial in- 
crease in the rate of spontaneous firing. This 
increase is brought about by an ionic mechanism 
that is similar to the changes causing sinus tachy- 
cardia (DiFrancesco, 1981a). It is possible for AV 
junctional pacemakers to usurp control of the ven 
tricles in the presence of a normal sinus node and 
normal AV conduction because of selectivity of 
traffic in sympathetic nerves (Randall, 1977). As a 
result, higher neural activity, including that associ- 
ated with cardiovascular reflexes, cart alter cardiac 
rate and produce disturbances of rhythm primarily 
by changing the pattern of firing of various subunits 
of the cardiac autonomic nerves (Levitt et al., 

1976) . The effect Of the vagus on the His-Purkinje 
system in man is not well understood. The re^ 
sponse of Purkiiye fibers to acetylcholine varies 
with species; acetylchohne slows normal pace- 
naaker activity in the dog but accelerates it in 
sheep. In addition, many questions about func- 
tional vagal innervation of the His-Purkinje system 
are unsettled; it appears that vagal innervation of 
the proximal system may be significant, whereas 
that of the peripheral system is more sparse (Levy, 

1977) . 

■ In disease, autoinaticity in the His-PurkinJe sys- 
tefli may become rteduced. In the sick sinus syn- 
drome it is typical for the ventricular pacemakers 
to be depressed as well as the sinus node (see Big- 
ger and Reiffel, 1979). Thus, very long pauses in 
cardiac' rhythm may occur when the sinus node 
fails ast a pacemaker. In AV block diie to wide- 
spread bundle-branch disease, the rate of ventrieu- 
. lar pacemakers may also be abnormally sloW; In 
neither of these examples has a mechanism been 
identified. 

Abnormal Generiation of Impulses. In addition to 
the arrhythinias caused by alterations of normal 
automaticity, numerous abnormal mechanisms for 
the generation of impulses have been observed in 
experimental < preparations (see Cranefield and 
Aronson, 1988). Many 5f these mechanisms appear 
to fit into one of -two categories: — abnormal auto- 
maticity or triggered activity. Abnormal automatic- 
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Table 35-2. PROGNOSTIC CLASSIFICATION OF VENTRICULAR ARRHYTHMIAS * 



MALIGNANT 



Risk for sudden death. 
Clinical presentation 



Heart disease 
Cardiac sdarring 

■ and/or hypertrophy 
Left ventjidular 
ejection fraction 



Sustained 
yentricular tachycardia 

Heihbdyhiamic 
effects of ^ 
arrhythinia 



' Very Low 
Palpitations; 
detected by 
routine exam 

. Usually absent: 
Absent 



Low to i 
moder;ate. 



Low to moderate 
Paliptations; ■ 
detected by 
routine exam 
or screening 

Present 
Present 

Low to 

very low 
Moderate to 

-tiigh . ' ' 
Absent 

Absent to 



High 

Palpitations; 
syncope; < 
cardiac arrest 

Present 
Present 

Low to 
very low 

Moderate to 

high 
Ehresent 



\ * Xhe characteristips listed are typical, but there a 
occasionally, repetifive). ' 
t VPp =^ Ventricular prenrature dep61arization(s). 



s exceptions (.e.g.. 



s can be frequent, and 



ity refers to spontaneous diastolic depQlarization 
that occurs at a very lov^ (relatively positive) value 
of Vm in a cell that normally has a much higher 
value* of Vm in diastole. Triggered activity is the 
generation of;impulses by afterdepolarizations: that 
reach sthreshold (se^ belpw). Both of these mecha- 
nisms differ strikingly from those ressponsible. for 
normal automaticity. Moreover, both of these 
mechanisms can cause the formation of impulses in 
fibers that ordinarily are incapable of automatic 
function (.e.g.. ordinary atrial or ventricular muscle 
cells). 

Abnormal Automaticity. Purkinije fibers » atrial 
cells, and yentricular cells can all show spontane* 
ous diastolic depolzuization and repetitive auto- 
matic firing when their resting Vm is reduced sub- 
stantially (e.g., to —60 mV or less negative values). 
The ionic mechanisms for such abnormal automa^ 
ticity are not ;!k;nown, but i'k and I'ca probably con- 
tribute to this behavior. . 

Early Afterdepolarizations. Early afterdepo- 
jarizations are secondary depolarizations that 
occur before repolarization is complete. Character- 
istically, the secondary depolarization commences 
at membrane potentials close to those present dur- 
ing the plateau of the action potentiEd (.see Figure 
35-3, A). In isolated tissues, a burst of depolariza- 
tions often occurs, and is followed by a few 
damped oscillations, until, finally, Vm either rests 
at the range of the plateau voltage (about —20 to 
—40 mV) or returns to a relatively high resting 
value. Experimentally, early afterdepolarizations 
have been produced in cardiac Purkinje fibers by,a 
number of maneuvers, including stretching, hyp- 
oxia, and chemical alterations. Early after- 
depolarizations are promoted by (and may result 



from) (1) decreased background outward current 
(iK,), (2) increased backgrfitind inward current (4,), 
(3) increased residual %i during the plateau, (4) inr 
creased magnitude and/or duration of ica. 'Snd 
(5) reduced magnitude of /jci When the Vm of car- 
diac muscle fibers is in the range of the plateau 
voltage, the membrane qondjictance is low and tiny 
inward currents cause substaiiitial depolarizatioii^ 
Delayed Afterdepolariiattdhs . A delayed kftk- 
depolarization is a secondary , depplarization; that 
occurs early in diastole, that, is, after full repolari- 
zation has been achieved (see ,|;igure 35-3, B). The 
delayed afterdepolarizajion is nbt self-initiated but 
is dependent on a prior action potential. Delayed 
afterdepolarizations may be seen when certain cell 
types are, exposed to catecholamines, digit ahs, low 
[Klo, or perfusates , containing low [Na]o and . high 
[Ca]o, Pelayed afterdepolarizations can re§Gh 
threshold and give rise to a single premature depo- 
larization. If the premature depolarization is fol- 
lowed by another delayed aftprdepolarization, a 
second impulse maV result. In this way, delayed 
afterdepolarizations can cause either coupled ex- 
trasystoles or runs of tachyarrhythmias. Seyeral 
factors increase the amplitude of delayed after- 
depolarizations and ;promote triggered activity. 
They; include increased heart rate, premature sys- 
toles, increased [Ca]^, catecholamines, and other 
drugs, particularly digitalis. The mechanism for? 
delayed afterdepolarizations that arise in digitalis 
toxicity is discussed in Chapter 34. Delayed after- 
depolarizations can readily be induced by digitus 
in the His-Purkinje system and, with more diffi- 
culty, in specialized, atrial or ordinary ventricular 
cells. The delayed afterdepolarizations induced by 
diigitalis in Purkinje fibers are associated with ao 
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A. EARLY AFTERDEPOLARIZATION 




Z ;B. DELAYED AFTERDEPOLARIZATION 




TIME : 



■ iFigurie 3S-'ii'f 'iFwp forms of triggered activity ■' 
• in a cardiac PurHinfeijfiber. - i ' ' ■ ; ■ . 

Al Early A^^ Repplariza- \ 

' tion is iflteifupted by siecbndaiy depblairiza- 

tiiiihs. Such responses may excite neikhboriiig 
-I'fibers and be propagated. 

: B. Delayed Afterdepolarization. -After full 
1 repolarization is achieved, Vm again tran- 
. siently, depolarizes. If the delayed after- 

' depolarization reaches threshold, a propasat- 
'^^fi^ir^'spotise c&h bccur (dashed Me). 



Arrhythmias Caused by Abnormalities 
OF Impulse Conduction 

Arrhythmias iftay arise by recirculating activa- 
tion that is incited by an initiating depolarization. 
Such arrhythmias (often referred to as reewfmnf 
arrhythmias), ^^e. triggered rhythms, are self- 
sustained but not self-initiated. For reentry to be 
initiated, one-way block of conduction must occur , 
and there must be an anatomical or functional 
"barrier" to conduction that forms a circuit Xste 
Bigger, 1973). Furthermore, the pathleiigth of the 
circuit must be greater thah the wavelength of the 
cardiac impulse, where wavelength is the product 
of cohductidh velocity arid the refractory period 
{see Figure 35-4). For reentry to occur, normal 
conduction must be greatly slowed, refractoriness 
markedly shortened, or both. Coriductibh is nor- 
mally very slow in the sinus and AV nodes. Further 
slowing by premature activation or by disease ea.s- 
ily creates conditions that permit reentry. Disease 
processes may also create conditions that permit 
reentry even in fibers that usually conduct the car- 
diac impulse at very rapid rates, such as cardiac 
Purkinje fibers. Usually, marked slowing lof con- 
duction is the abnormaUty that permits reentry. 
However, marked abbreviation of action potentials 
and of refractoriness can have a role as well. Con- 



, PF 



1 / /iC^^^ 



^moTtas^ transient inward current that is earned 
mainly by Na:^., It is reasonable to speculate that 
some clinical arrhythmias caused by digitalis (e.g., 
cbtipled ventriculai^ premature depolarizations and 
atrial or ventricular tachycardias) result from de^ 
layed afterdepolarizations. Also, some supravenr 
tricular tachycardias that arise in the absence, of 
drtig therapy, may be triggered activity because of 
(Jeikyed afterdepblarizations. 

Triggered -Activity. As riiehtidned v when a de- 
layed tafterdepolarizattion reaches threshold, a sin- 
gle extrasystole may result or sustained repetitive 
firing may be triggered (Cranefield, and Arbnson, 
1988). Activation by this mechanism must be initi- 
ated by an action potential; thus, it cannot arise 
novo, as can a normal automatic rhythm. Although 
triggered activity cannot be self-initiated, it can be 
sel&sustaineti. Triggered activity in cells that have 
delayed afterdepolarizations shares many charac- 
teristics with reentrant tachyarrhythmias {see 
below).- As a result, it is difficult to know which 
mechanism is responsible for a given clinical tachy- 
arrhythmia. 



Figure 35-4. Reentry. 

The diagram shdWs one of the forms of reeii- 
trant reexcitation in the ventricle (Sehmitt- and 
Erlanger, 1928-29). A branched Purkinje fiber 
iPF) terminates on a strip of veiitricular mus- 
cle (VM)^ The shaded area in branch 2 repre- 
sents a depolarized area that is < the ; site of s a 
one-way Mock; thus, ' orthograde sinus, im- .-■ 
pulses are blocked in this areai but retrograde 
responses are propagated successfully. :Retr6- 
:grade conduction in braridi 2 is slow enough . 

• for cells in branch 1 to recover and respoaid to .; 
the reentering impulse. A single reactivation of 

; branch 1 will produce a single ventricular pre- 
mature depolarization; continuous conduction 
around the circuit will cause ventricular tachy- 
cardia.^ ■ ■■ •■ ■■■■ 

Antiarrhythmic drugs can abolish such reen- 
trant activity by producing two-way block in r 

' branch 2 or by improving conduction in branch* 
2, that is, by removing the one-way block. 
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duction may-be slowed because of alterations itt the 
fast response or developmait of slow .responses. 

Altered Fast Response. VyVTien resting Ym 
more depolarized than —75 mV (as with stretch or 
high ik]„), and conduction velocity decrease 
substantially because of voltage-dependent iiiacti- 
vatiQu/of the ffist Na+ channel isee Figure 35-2)^. 
When resting Vw is between -50 and -65 mV, 
conduction, velocity is greatly reduced and abnor- 
mal "fast responses" can propagate slowly enough 
to permit reentry. If Vm is more positive than 
^50 mY or so, Na+ channels will be almost totally 
inactivated and fast responses cannot be elicited. 
At such low yalues oi Vm, fast responses may con- 
duct ;decrenientaUy; that is, the adequacy of the, 
propagating response as a stimulus to jpesting tissue 
in its path lessens progressively as it propagates in 
depolarized tissues. Under such conditions, a deli- 
cate balance exists that determines whether con-^ 
duction succeeds or fails. \i, . .. 

Slow Responses and Very Slow Conduction. Slow 
action potentials appear in ceu-diac Purkinje fibers 
when they are exposed to increased [KJ^ and cate- 
cholamines. In the voltage range at which slow po- 
tentials emerge, iNa ^ inactivated and the pace^ 
maker current i> is fully deactivated; thus, these 
currents are unlikely to have a role in the genesis of 
the slow response. The inward current that causes 
the slow potential is ica- Because this current is rel- 
atively small in magnitude, slow responses are 
more likely to develop when background outward 
currents are decreased. Typically, slow responses 
are 40 to 80 mV in amplitude, depolarize at 1 to 2 V 
per second (i.e., about 0.002 the rate of the fast 
response), and last for. 0.4 to 1 second isee Figure 
35-1, B). Asa. result, slow responses propagate so 
slowly that reentry can occur in very short path- 
ways. In addition, the duration of the action poten- 
tial and refractoriness may shoirten draniatically 
just proximal to the site of block because of a repo- 
larizing current provided by neighboring resting tis- 
sue. The short duration of the refractory perip4 in 
tissue at the site of unidii-ectional block permits 
reentry of subsequent , impulses even if the reentry 
pathway is short; . > 

Significance of Reentry. Reentry may occur in 
many sites in the heart; it is relatively easy to elicit 
in the vicinity of the sinus or AV nodes by the use 
of premature stimulation to slow conduction and to 
produce a functional, one- way block, even in nor- 
mal hearts. Clinically, reentry is the usual cause of 
paroxysmal supraventricular tachycardia. Reentry 
in the His-Purkinje system is thought to be one 
cause of coupled ventricular premature depolariza- 
tions and ventricular tachycardia in man. This idea 
is supported by extensive. study in both man and 
animals. -For example, Durrer and coworkers 
(1971) and El-Sherif and associates (1977) have 
shown, in experiments with acute myocardial in- 
farction in dogs, that the cardiac impulse can mean- 
der through the infarcted re&on and emerge much 



later to produce ventricular premature^, depolari- 
zations, ventricular tachycardia, or ^^ventricular 
fibrillation. 

CLASSIFICATION OF 
ANTIARRHYTHMIC DRUGS 

Antiarrhythmic drugs have been grouped 
together according to the pattern of electro- 
physiological effects that they produce ancl/ 
or their presumed mechanisms of action. 
Classifications such as the one presented in 
Table 35-3 are commonly used in discuss- 
ing antiarrhythmic drugs, and physicians 
should thiis be acquainted with them. How- 
ever, it should also be recognized that 
drugs within a class do differ significantly: 
one may be effective and safe in a particular 
patient while another may not. 

Much of the information that is used to 
classify anfiarrhythmic drugs comes from 
experimeintal studies, in ammals ,(Amsci9rf 
and Wasserstrom/19i8!6>^vI?or example, the 
classification in Table 35-3^ relies heavily 
on observations made with preparations of 
rabbit atria mid canine or, bpyine cardiac 
Purkinje fibers. Thie ageiMts indass I di- 
rectly alter membrane coricUictan^J^s of ca- 
tions, particularly those 6f Na* and K"^ : It 
is useful to subeategorize these drugs'= in 
terms of their relative ability to , depress 
Vmax (by blockade of fast Na"*" channels) 
and to slow membrane repolarization. 
Class II includes agents that have primarily 
indirect effects on electrophysiological pa- 
rameters by virtue of their ability to block 
jS-adreiiergic receptors. The ageiits in class 
III are mephanistically the least well de- 
fined. They share the capacity to de|aiy 
membrane repolarization (and thus prolong 
refractoriness) vC^ith i-elatively Uttle effect 
on Vmax- Finially, cla^s-lV agents^ha^^fe rela- 
tively selective depressant actions on Ca-^"^ 
channels, primarily those of the L type. 

Such schemes can lead to ambiguitiesi Some 
drugs have multiple actions and theriefore belong in 
more than one class. It may not be clear in a partic- 
ular case which of the drug's actions is responsible 
for its efficacy. Moreover, when drugs are given to 
patients with heart disease and ^arthythmias, their 
effects on the central and autonomic nervous sys- 
tems, on hemodynamics, or on myocardial ische- 
mia or metaboUsm may greatly influence their anti- 
arrhythmic action. 
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Table 35-3. CLASSIFICATION OF ANTIARRHYTHMIC DRUGS 
ACCORDING TO THEIR MECHANISM OF ACTION 



CLASS 


action 


PkUGS 


I. 

A. 
B. 

c. 


Sodium Channel Blockade 

Moderate phase-0 depression and slow conduc- 
tion (2+) *; usually prolong repolari2^tion 

Minimal phase-0 depression and slow conduction 
(0 to 14-); usually shorten repolarization 

Marked phaseTO depression and slow conduction 
(3+ to 4+)^.little effect on repolarization 


Quinidine, procainamide, diso- 
pyramide, moricizine 

Lidocaine, mexiletine, pheny- 
toin, tocainide 

Encainide, flecainide, 
propafenone, indecainide 


II. 


P-Adrenergic Blockade 


Propranolol, acebutolol, es- 
molol, others 


HI. 


Prolong Repolarization 


Amiodarone, bretylium, sotalol 


IV. 


Co'* -Channel Blockade 


Verapamil, diltiazem ' " ^ 



* Relative magnitude of effect on conduction velocity indicated on a scale of 1+ to 4+ . 



Use-Dependent BLpCKADE of 
Ion Channels . 

An understanding of the effects of many antiar- 
rhythmic drugs on the heart depends in part on 
knowledge oif how those drugs interact with the 
gated channels thatpermit ionic currents across the 
sarcolemma {.see Hondeghem and Katzung, 1977; 
Hilie, 1978). This question has been evaluated in 
studies on single channels with the patch clahip 
technique (Ogdeii et a/., 1981) and on populations 
of 'chaniiels by voltage clamping (Hondegheni and 
Katzung, 1980; Bean et al., 1983; Gintant and Hoff- 
man, 1983). The effects of local anesthetic antiar- 
rhythmic agents on have been explained by as- 
suming th^t thff drugs bind.tp^the Na**" channel and 
block its funcjtibn^ with tibieiresult that Na* •con4uc^ 
tance remains at zero for as long as the drug is 
bound isee Hondeghem and Katzung, 1977i Hon- 
deghem, 1987). The interaction of drug and channel 
can be represented as shown in Figure 35-5. R, O, 
and / represent the resting, open, and inactivated 
states of the channel, respectively; D is drug; and 
R^, O*, and I* are the nonconducting forms of the 
. channel to which drug is bound. A indicates the 
voltage- and time-dependent reactivation of the 
channel, and A* is any modilBcation of this process 
caused by drug. The diagram is greatly simplified 
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Figure 35-5. Modulated-receptor hypothesis 
for the action of antiarrhythmic drugs. iSee 
text for explanation.) 



and, in particular, ignores the fact that there are 
probably a number of transition states for the chan- 
nel, as between R and O. 

, In terms ofthis diagram, a drug such as lidocaine! 
could interact with any or all of the three states' of 
the channel. However, the driig niay preferehtially 
combine with channels -in^he R, O, or / stated Tlxis 
preference may reflect state-dependent affinities of 
the channel for the drug (modulated receptor; hy- 
pothesis) or may result from sta.te-dependent ac- 
cess to and/or egress from the yipinity of the bind- 
ing site (guarded receptor hypothesis) (Starmer and 
Grant, 1985). In addition, the drug-channel com- 
plex need not undergo voltage-dependent transi- 
tions in the usual way. A more negative transmem- 
brane potential might be needed for the -» R* 
transition than for I R or, alternatively, the drug 
might have to dissociate from channels in the /* 
state for the R transition to occur. 

For many local anesthetic antiarrhythmic drugs, 
it appears as if channel blockade is most likely 
when the channel is in the C> or / state and that 
reactivation is slowed or incomplete at usual trans- 
membrane voltages. The consequences of this are 
important for the actions of antiarrhythmic drugs. 
A concentration of drug that exerted a minimeil ef- 
fect on a quiescent fiber at normal resting potential 
could block a significant fraction of channels during 
one action potential. Also, to the extent that the 
I* R* (or /* — > R) transition is slowed, channels 
would accumulate in the /* state during repeated 
action potentials and for each action potential 
would decrease until a steady state had been at- 
tained. This is the phenomenon of use-dependent 
block, and it has been described for all local-anes- 
thetic antiarrhythmic drugs and for some Ca^"^- 
channel blocking drugs {see below; see also Chap- 
ter 32). In addition, some antiarrhythmic drugs 
appear to cause "tonic" (i.e., not use-dependent) 
block of iNa through interaction with channels in 
the R state. 

If the association of drug with channel and disso- 
ciatiori of drug , from channel are both relatively 
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rapid, use-dependent block will reach" a steady 
state during the course of a few action potentials, 
and, if the interval between action potentials is rea- 
sonably long, litUe: blockade will persist at the time 
of the upstroke of the action potential. If dissocia- 
tion is quite slow, use-dependent block may not 
develop fully until there have been many action 
potentials, and a significant degree of block wiU be 
present at the time that each action potential is ini- 
tiated. Finally , sihce a decrease in transmembrane 
voltage pauses, inactiyatibn of fast channels, the .ef- 
fects of drugs on iNa are enhanced in depolarized 
cells. : 



INDIVIDUAL ANTIARRHYTHMIC 

AGENTS 

Discussion of the individual drtigs is or- 
ganized by class {see Table 35-3). The ef- 
fects of each class of agent on the elec- 
trophysiological prQperties of specialized 
cardiac fibers are summarized in Table 35- 
4, While dtug-induced alteratidns in the 
^l^ptr;pcardiogra.in (ECG) are listed in Table 
35'-^'. The ctinic'^ usefulness of each agent 
is jdesciibedjin: the text, and an overall ^esti- 
matei of their . value in the mahagemeht of 
specific aithytoimas' i in Tablfe 

35-(5^. Phamaicokiiietid parameters for the 



major agents are summarized in Appen- 
dix H. 

Class Ia: Quinidine, Procainamide, 

AND DlSOPYRAMIDE , 

; As, noted above; plas^^ antiarrhytitunic 
dmgs inhibit iNa. depress phase-0 depolar- 
iziatioii, and slow conduction velocity in 
ihyockrdial Putrkinie fibers to a moderate 
degree at normal resting values of Ym {.see 
Table 35-3). These effects are intensified 
when the membrane is depolarized or when 
the frequency of excitation is increased. 
Although quinidine is often considered to 
be prototypical, procainamide does not 
have the capacity of quinidine and disopyr- 
amide to block muscarinic cholinergic re^ 
ceptors or the apparent ability 6f dis6pyr- 
amide to block Ca^^ channels. iSdmie 
discussion of moricizine, an investigational 
a;gent, is included here even though i)t dis- 
plays some of the characteristics of class . 1b 
agents. 

^History. - It was noted many years agp that pa- 
tients, with malaria who also had, atrial fibriUatiQO 
would occasionally ^ be cjirpd pf the aCThythWa 



Table 35-4. EFFECTS OF THERAPEUTIC CONCEa^jTRATiONS OF AF^IARRHYTHiVDiC DRUGS 
ON ELECTROPIE^SIOLOGICAL PROPERTIES OF SPECIALIZED Cardiac FIBEIKS * 

CtASS 'OP ANTIABilttlYTHMXe DRUG ' ?• 





I A 




16 


II 


III 




Sinus node 














Automaticity 


0. t 


■ 0 " ■ ' 






\ i. t t^^; ^ 




AV node 














Effective refractory 














period (ERF) t 


i. 0, t 


0. i 


T 


t 


i. o, t 


■ f ■■ 


PurMnje fibers 














Action potential 














amplitude 




0, i, t 


i 


0 


0 


0 


Phase-d 


i 


0. i, t 




0, i 


0, i 


0 


Action potential 














duration (APD) 


t. i 


i 




i. 0, t 


T 


0. 4 


Effective . refiractory 








period (ERP) 




i 




i, 0. t 


t 


0, X 


ERP/APD 


T 


. t 


t 


t 


0 


0 


Membrane responsiveness 


i 


. 0, i 


\ 


I. 


0 


0 


Automaticity 


i, 0 




i 


i 


i. T t 


0, i 



* Changes are indicated as follows: i, decreased; 6, no change; X, increased; where bidirectional, arrows are shown, there 
is variability in the direction of change. Boldface arrows indicate effects of greater magnitude, 
t Bretylium only; due to release of catecholamines on initial exposure to the drug. 
t Due to a complex balance of direct and indirect autonomic effects. 
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Table 35-5. EFFECTS OF THERAPEUTIC CONCENTRATIONS OF ANTIARRHYTHMIC DRUGS 
ON SINUS RATJE AfiQ ELECTROPHYSIOLOGICAL AND ELECTROCARDIOGRAPHIC INTERVALS * 
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* Changes are indicated as follows: i, decreased'; p, no change; f, increased; where bidirectional arrows are shown, there 
is vanabiiity in the direction of bhange. Boldface arrows indicate effects of greater magnitude. 
, ; t. The-Q.-Tc interval -is^^ t^^ 

$ Depends on the drug, ((e.^-. propjranolol shortens, sotalol lengthens). 
"' § J-T interval = Q-T,:-QRS. ' ^ 



when they were treated with cinchona. Perhaps tjje 
earliest recorded reference to the; use of cinchona 
ini atrial fibrillatibn is that by Jean-Baptiste de 
S6nac of Paris in 1749 Csee Willius and Keysv 1942). 
;Yeatrs later Wenckebach (1914) reported on; th^ ef- 
fect, pfauinine alkaloids in certain cardiac arrljyth- 
im?j.sl Inipressed b,y this reRort. Frey (1918) studied 
the use bf .cinbhohuie, quinine, and ^liiniduie (an 
btitieal isoirier of qiiuiurie) m patient^ Svith atrial fij- 
brillation and fotaid^quinidiiite tp^be the mb^t'effeo- 

'.^Jx^ 193^, MiEUijitz<teiji.onstrated. thaf;^ppU(^ti^ of 



procaine elevated the threshold of ventricular mus- 
cle to electrical stimulation. Extension of this ob- 
servation by numerous workers e'stablished that 
the cardiac actions of procaine resemble those of 
quinidine. However, the therapeutic valiie of pro- 
caine is limited by rapid enzymatic hydirolysis and 
prominent adverse effects on thf central nervous 
system (CNS). Procainamide was discovered as a 
result of a systematic study of congeners and me- 
tabolites of procaine to find a compound with clini- 
cally lisefiil quinidine-like actions (Mark et at, 
1951). 



Table 3S>^6. .USEFI!n:^NESS OF AimARlUIYTHMIC DRUGS IN THE 
. ..^^^ SJP^CjgraC CARDIAC ARRHYTHMIAS * 



CLASS OF ANTIARRHYTHMIC DRUG : 



ARRHYTHMIA 



Supraventricular " 

'"'j^Ltrial fibiillatiori^ conversion 2 0 — 1 ,1 1 

- AMal fibtiUatiott, prophylaxis ' > ' • ' 3 ■ 2^ . 0-2 

i-Atrial fibritlatiMi>^ rate jQpntp)(l ? - •. ,0 0 ; — '^r ^ ' 2 ; ; 2 
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■Yentricular tachycardia Cunsustained) .53 2 NI 1, , NI 0 

Ventricular tachycardia (siustaihed) ' ' 3 2 2 1 1, 2 t 0 



Digitalis-iriduced arrhythrriias 

\; -Atrial tachycardia with block 
'vNonparOxysmal AV junctional tachycardia 
' 'yenttiCularvarthythrnias '■ ■ : ■ 



J. * The utility score, is based on an qyerall estimate of pflScacy. conyenieng^i and toxicity. The, scale of relative utility is.as 
rollows: 0. rionerii'l><>or: i.'fair; 3; ^bbd; 4, excefent; — , ■msufficiWtit <feta to give a scoreVNI, not indicateal. \'' 
*'t Depends otf the drug (f.e^/'bietyliUm.l,;^^ >" ' ^ ; ^ .'i 
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The propensity of procainamide to produce a; 
syndrome similar to systemic lupus eeythehiatosus 
has encouraged the search for other agents with 
quinidine-like properties. Disopjnramide was mtrfij- 
duced in 1978, but it has significant antimuscarinic 
and negative inotropic actions. Moricizine, devel- 
oped in the Soviet Union in the 1960s, is the most 
recent candidate; it is currently under clinical in- 
vestigation. 

Chemistry. The chemistry of the cinchona alka- 
loids is presented in the discussion of quinine 
(Chapter 41)^ Quinidine differs from quinine only in 
the steric configuration of the secondary alcohol 
group. Procainamide differs from procaine merely 
by the replacement of an amide for an ester linkage. 
The structures of procainamide, disopyramide, and 
moricizine (a phenothia^ne) are as follows: 



H2N— (P^^^V-C— NH— CH2CH2I 



.NCCHaCHsia 



(CHslzCHr-NCHjCHa— C— CONH2 
;(CH3)2CH 



Disopyramide 
O 

CCH2CH2— 



Moricizine 

Cardiac Electrophysiological Eftiects. 
Antiarrhythmic agents in class Ia have 
powerful direct effects on most types of 
cells in the heart. Depending on the agent, 
the electrical properties of cardiac cells are 
also influenced indirectly by drug-induced 
alterations of autonomic regulation of the 
heart. 

Automaticity . Although all the drugs in 
class Ia can cause severe depression of the 
sinus node in patients with the sick sinus 
syndrome {see Bigger and Reiffel, 1979), 
only disopyramide appreciably slpws the 
denervated human heart. In normal man. 



quinidine can increase the sinus rate by 
cholinergic blbckade br by reflexly increas- 
ing sympathetic activity; disopyramide usu- 
ally causes little change in the sinus rate, 
apparently because its direct depressant 
effects are counterbalanced by its promi- 
nent anticholinergic actions. Therapeutic 
concentrations of quinidine, procainamide, 
arid disopyramide substantially decrease 
the firing rate of cardiac Purkinje fibers by a 
direct action; they decrease the slope of 
phase-4 depolarization and shift the thresh- 
old voltage toward zero. The shift in thresh- 
old is due to use-dependent blockade of tast 
Na^ channels and slowing of their rate of 
reactivation. , The decrease in the slope of 
phase 4 has not yet been explained. This 
ejffect bn 'the normal aiitomaticity in the 
His-Purkinje system presents a hazard in 
the treatment of arrhythmias in the pres- 
ence of AV block. Therapeutic concentra- 
tions of Class Ia, iEigents have little effect oh 
abhoniiial jautd^^ in niarl^^dly, depo- 

larizeid ihirikinje^ .fibers or on delayed after- 
depolarizations. However, thfese agents 
may ' prevent triggered activity by preterit; 
ihg the premature depolarization that ihitij- 
ates the- process or by shifting the tjireshoild 
potential in a positive direction. 

Excitability, Responsiveness, and Con- 
duction. Class-lA drugs increase the dia- 
stolic electrical current threshold in atrial 
and ventricular muscle and in Purkinje fi- 
bers; they also increase the fibrillation 
threshold in atria and ventricles. The ampli- 
tude, overshoot, and Vmax of phase 0 in 
atrial, ventricular, and Purkinje cells is de- 
creased in a dose-dependent fashion; how- 
ever, these effects are not accompa^nied by 
a significant change in the resting Vm. The 
upstroke of premature responses is, particu- 
larly depressed because the drugs cause 
changes in the voltage, and iivok depend^hce 
of reactivation; for any steady-state value 
of Vm, Vmax is reduced and, during dy- 
namic changes in Vm, Vmax takes longer to 
reach its steady-state vklue (see Figure 35- 
2). The time-dependent changes are most 
marked at low (less negative) values of Vm. 

Duration of the Action Potential and 
Refractoriness. Quinidine, procainamide, 
and disopyramide cause small but signifi- 
cant increases in the duration of the action 
potential of ordinary atrial, ventricular, or 
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Purkiiue cells. The effective refractory pe- 
riod (ERP) of these cell types increases 
much more than would be expected from 
the changes in the duration of the action 
potential because of the changes in respon- 
siveness discussed above. By contrast, 
moricizine shortens the duration of action 
potentials in Purkinje fibers (see Sympo- 
sium, 1987). 

Effect on Reentrant Arrhythmias. Reen- 
trant arrhythmias are abolished by class Ia 
agents because of their effects on ERP, re- 
sponsiveness, and conduction. -For exam- 
ple, when ventricular premature depolar- 
izations are Caused by reentry in loops of 
Purkinje fibers, one-way block can be con- 
verted to two-way block, thus making reen- 
try impossible 'Figure 35—4). ■ 

The mechanisms of the antiarrhythmic 
actions of these drugs in atrial flutter or fi- 
brillation are more complex. 

Atrial Flutter. Prolongation of the ERP of the 
atrium is commonly cite4 as the one desirable attri- 
bute of an "antiflutter", drug. The situation is by no 
means simple, for the ' effects of ajtitiari-hythmic 
dihigs on ERP aiid oil conduction velocity are inex- 
tricably linked. When <iuinidine or procainamide is 
administered to a dog in which a circus-movement 
flutter has bqen established, or to a patient with 
atrial flutter, the frequency invariably declines be- 
fore reversion to sihiis rhythni' abruptfy ensues. 
Gonductiott velocity sIoWs in atrial muscle, which 
could account for the reduction ; of rate; but . the 
atrial refractory period is, also increased, which 
could . reduce the rate by Jforcing the circulating 
impulse to travel in relativeiy refracitbry tissue. The 
two actions are opposed: if the predomiinant effect 
were a prihiary reduction of conduction velocity, 
reversion to sinus rhythm would not be expected tp 
occur until the flutter frequency diminished to less 
than the prevailing rate of the sinus node , But if the 
action is primarily on the ERP, then the conduction 
i; velocity will be secondarily depressed until some 
minimal value is reached below which suceessfid 
impulse propagation is. no- longer possible; ; Tlu3 
may well be the mechanism .of action , of class Ia 
agents in the experimental' sitiiation, bjit the detail^ 
of the process are still not clearly defined. 

Atrial Fibrillation. If atrial fibrillation were due 
to a single circus movement about an obstacle so 
limited in size that activation of the surroundjuig tis- 
sue is irregular and fractionated, then the cirpuit 
itself would be unstable/ Ihhis me.ch£^^ s^ems 
unlikely, for fibrillation can be, and ofteni is, a very 
stable arrhythmia. However, if fibrillatiori is<due to 
the random reentry of numerous . fractionated 
wavelets, changing in breadth, direction, and num- 
. ber from moment to moment, then the persistence 
ifti of the arrhythmia is critically related to the mass 
^"and degreie of inhom6geheity<of 'the tissue dnd to 



the mean ERP. Vagal stimulation or cholinomi- 
metic drugs should tend to perpetuate the arrhyth- 
mia by. reducing the mean ERP an4 by increasing 
the range of variation Of the ERPs'. The action of 
quinidine or disopyramide here is twofold. By Vir- 
tue of their direct and Etntivagal actions, they may 
increase the mean ERP and also reduce the inho- 
mogeneity. Thus, the ability to reduce the number 
of wavelets possible in a given mass of tissue may 
be more important than the ability , to snuff out a 
dominant circus movement. 

Electrocardiographic Effects . At thera- 
peutic concentrations in man, the agents in 
class Ia produce no change or only sfnall 
increases in heart rate and in the P— R, H— 
V, and QRS intervals. The effects on the 
A-H interval are variable; quinidine is 
more apt to shorten this interval (and to in- 
crease heart rate) because of its effects on 
the autonomic regulation Of the heart. . Al- 
though moricizine shortens the Q-T inter- 
val, the other agents prolong the Q-^T inter- 
val, reflecting more rapid and slowed rateis 
of repolarization, respectively. Widening of 
the QRS complex is related to the plasma 
ccMcentration of drug* and ilMs effect is 
sometimes! useful for ittonitoriiig' therapy, 

>AutomdiiiiC'Niervous System Effects. In 
experimierits with animals, quinidine has a 
significant atropine-Iike action, blocking 
the effects of vagal stimulation or acetyl- 
choline; ^ Quinidine also has oi-adrenergic 
blocking properties. This action can cause 
vasodilatation and, via baroreceptors, acti- 
vate sympathetic- efferent activity. Td- 
gether, the cholinergic blockade and mr 
creased j8-adrenergic activity caused by 
quinidine can increase sinus rate and en- 
hance AV nodal conduction in some human 
subjects. 

The anticholinerjgic action of procain- 
amide is^ much weaker than that of quini- 
dine. Procainamide does not produce a- 
adrenergie blockade , but , in dogs , it can 
block autonomic ganglia weakly and cause 
a ineasurable impairment of cardiovascular 
reflexes. ' ; ^-i 

'Disopyramide has cholinergic blocking 
properties about 10% as potent as atropine 
(Birkhead and Vaughan Williams, 1977; 
Mirro et al., 1980). These properties usu- 
ally nullify its direct depressant effects on 
the sinus arid AV nodes. The drug is neither 
an or- nor a jS^adrenergic antagonist. 
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Absorptiony Distribution, and Elimina- 
tiott. Quinidine. When administered 
orally, quinidine sulfate is absorbed rapidly 
and peak concentrations in plasma are at- 
tained in 60 to 90 minutes. The absorption 
of quinidine gluconate is slower and per- 
haps less complete; peak concentrations in 
plasma are not reached until 3 or 4 hours 
after an oral dose. Although quinidme can 
be given intramuscularly, it causes pain at 
the injection site and a substantial increase 
in creatine kinase activity in plasma. 

About 90% of quinidine in plasma is 
bound to proteins (ai-acid glycoprotein and 
albumin). The drug is distributed rapidly to 
most tissues except brain, and the apparent 
volume of distribution is 2 to 3 liters per 
kilogram. 

Quinidine is largely metabolized by the 
liver, and the metabolites and some of the 
parent drug (20%) are excreted in the urinie ; 
the elimination half-time is about 6 hours. 
Most urinary metaboUtes are hydroxylated 
at only one site, either on the quinoUne ring 
or on the quinuclidine ring; small amounts 
of dihydroxy compounds are also found. 
Hie fraction of a dose of quinidine that is 
metabolized and the metabolic pathway 
appear to vary considerably from patient 
to patient. There is controversy about 
whether the concentration of quinidine in 
plasma rises in patients with renal failure or 
congestive heart failure isee Kessler et al., 
1974; Conrad et al., 1977; Drayer et al., 
1977). . The situation is complicated by the 
fact that some of quinidine' s m^'or metabo- 
lites are probably cardioactive. 

Quinidine is both filtered at the glomeru- 
lus and secreted by the proximal renal tu- 
bule. Since quinidine is a weak base, its 
reabsorption is reduced and its excretion is 
enhanced if the urine is acidic. When the 
urinary pH is increased from the 6-7 range 
to the 7-^ range, renal clearance of quini- 
dine decreases by as much as 50% and its 
concentration in the plasma increases. This 
situation rarely occurs clinically unless the 
patient takes sodium bicariwnate or aceta- 
zolamide concurrently or has renal tubular 
acidosis. 

Procainamide. Procainamide is quickly 
and nearly completely absorbed after oral 
administration to normal subjects. The 
peak concentration in plasma is reached 45 
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to 75 minutes after ingestion of capsules, 
but somewhat later after administration of 
tablets. In the first week after acute myo- 
cardial infarction, oral absorption may be 
poor, the peak plasma concentration may 
be quite delayed, and concentrations of the 
drug may be inadequate to control arrhyth- 
mias. Sustained-release formulations of 
procainamide can increase the duration ol 
action to about 8 hours or more, but these 
have lower bioavailability than do standard 
capsules. 

About 20% of the procainamide in 
plasma is bound to proteins. Procainamide 
is rapidly distributed into most body tissues 
except the brain, and the apparent volume 
of distribution is about 2 liters per kilogram. 
However, this value can decrease substan- 
tially in patients with cardiac failure or 
shock. Gompensation for this change 
should be made in calculating dosage. 

Procainamide is eliminated by renal ex- 
cretion and hepatic metabolism. The major 
metabolic pathway involves N-acetylation 
by a bimodally distributed N-acetyltrans; 
ferase thatmetaboUzes isoniazid, dapsone, 
and ;otiier drugs (Gibson et al., 1975; 
■Reidenberg et al., 1975). However, there is 
another acetylase. system that does not 
show such geiietic variation and that also 
may contribute to the metabolism of pror 
cainamide (Giardina et al.. 1977). In fast 
acetylators or in renal insufficiency, 40% or 
more of a dose of procainamide may be pit- 
creted as H-acetylprpcainamide (NAPA), 
and concentrations of NAPA in plasma may 
equal or exceed those of the parent drug. 
This compound, which has been assigned 
the nonproprietary name of acecainide, is a 
less potent antiarrhythmic agent than pro- 
cainamide, and has qualitatively different 
cardiac actions. Although it also prolongs 
the duration of action potentials in Purkiru'e 
fibers, NAPA has littie effect on V„,ax 
automaticity. Hence, information should be 
available about the concentrations of both 
procainamide and NAPA in plasma for opti- 
mal case management. 

Up to 70% of a dose of procainamide is 
eliminated unchanged in the urine. Procaine 
amide is a weak base that is filtered, se- 
a-eted by the proximal tubule, and ter 
absorbed by the distal tubule. Mark4 
increases in .the pH of the urine cause a de- 
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I (jease in the renal excretion of proeaina- 
I mide. When intrinsic renal function or renal 
^rfusion decreases, the concentration of 
pfocainamide in plasma rises significantly, 
{{owever, as the. blood urea nitrogen rises, 
the fraction of a dose of procainamide that 
js excreted unchanged decreases, and 
KAPA can accumulate to dangerous levels, 
Dlsopyramide. About 90% of an oral 
(dose of dlsopyramide is absorbed, of which 
a small fraction is subject to first-pass me- 
tabolism by the liver. Concentrations in 
plasma peiak at 1 to 2 hours after a dose. 
: At normal therapeutic concentrations 
<3 /tg/ml) about 70% of dlsopyramide is 
bound to plasma proteins; the bound frac- 
tion varies inversely with the total conceur 
tcation of drug in plasma. The apparent vol- 
ume of distribution of dlsopyramide is 
about 0.6 liter per kilogram, but the value is 
dependent On dose because of the saturable 
binding to plasma protein. 
. About 50% of a dose oif disopyfamide is 
excreted by the kidney unchanged, 20% as 
tbe mono-N-dealkylated metabolite, and 
{i^iother 10% as unideiAtified inqtsdioUte^ 
The. mpnodealkyiated metabolite has less 
sntianiiythmic and atropirie-lifce activity 
than does the parent compound. The half- 
time for eliniination is 5 to 7 hours, arid this 
value is markedly prolonged . in patients 
with renal insufficiency (iip to 20 houiis or 
more). , 

Preparations, Dosage, and Routes . of Ad- 
ministration. Quinidine. For practical purposes, 
quiniGUne is only given oraUy, alttjough it can be 
administered either intramuscularly . or intrave- 
nously under special circumstances. The usual oral 
dose of quinidine sulfate is 200 to 300 mg three or 
four times a day for patients with premature ati^ 
ventricular contractions or for maintenance ther- 
apy., .Higher and/or more frequent doses can be 
iKed for limited periods for treatment of paroxys- 
n»l ventricular tachycardia. During maintenance 
tli^n^y, quinidine will usually reach a steady stale 
^tbin about 24 hours, and its concentration in 
plasma will fluctuate less than 50% between doses. 
Because of the large interindividual variation, drug 
interactions, and other causes of variability, it is 
wse to examine the ECG carefuUy after the initial 
dose of quinidine and to measure the plasma con- 
centration of the drug at steady state {see Appendix 
i D). Afliustment of dosage is often necessary. 
I Quinidine sulfate (cin-quin) is available in tab- 
I fets (100 to 300 mg) and capsules (200 and 300 mg); 
rSOOiflg sustained-o^lease tablets ^uinidex) are 
I available, as is an iiuection (200 rag/ml). Prepara- 



tions of the gluconate and polygalacturonate salts 
are also marketed. 

Procainamide. Procainamide hydrochloride 
(PRONESTYL, Others) is available for oral adminis- 
tration as capsules and tablets (250 to 500 mg) and 
as sustained-release tablets (250. to 1000 mg). Pro- 
cainamide hydrochloride injection contains 100 or 
500 mg/ml and is suitable for intramuscular and in- 
travenous injection. 

Procainamide can be administered intrave- 
nously, intramuscularly, or orally. Hie concentra- 
tion in plasma needed to produce antiarrhythmic 
effects is usuaUy 3 to 10 ftg/ml. and occa^onally is 
much higher. The probability of toxicity becomes 
greater as the plasma concentration rises above 
8 /i,g/ad. The cardiac effects of procaiiuunide are 
enhanced if the concentration of K* in plasma is 
elevated. 

In acute or unstable situations, intravenous ad- 
ministration of procainamide is desirable for speed 
(iuiection or rapid infusion), precision (constant 
infusion), and reliability of effect. The total loading 
dose is never given as a single intravenous injection 
because it can cause hypotension. One rapid and 
safe method to establish effective concentrations in 
plasma is iiitennittent intravenous adminisfration: 
100 mg is iluected over 2 to 4 minutes, and this 
dose is repeated every 5 minutes until the arrhyth- 
mia is controlled, until adverse effects are seen, or 
until the total size of the dose (about 1000 mg) sug- 
gests that the arrhythmia under treatment is resis- 
taiit. The 5-ininute dosihg interval permits exami- 
nation of the blood pressure and ECG after each 
dose. Serious hypotension or excessive widemiig 
of the QRS interval can thus be ayoided. Altema,- 
tively, the same dose can be given over a similar 
period by rapid intravenous infusion. For example, 
600 mg can be infiised at a rate of 20 mg per min- 
ute. The same precautions should be taken. Wlien 
the arrhythmia is controlled, a constant-rate intra- 
venous infusion is often used to maintain effective 
concentrations in plasma. The infusion rate can be 
estimated as the product of the desired coiicentra- 
tion (3 to 10 jug/ml) and the estimated total clear- 
ance of procainamide (.see Appendix I!). ; 

For long-term oral therapy, total daily doses of 3 
to 6 g or more usually are required for therapeutic 
efticacy. Because its elimination half-life is short 
(about 3 hours in normal subjects and. up to 5 to 8 
hours in patients with cardiac ^ease), the drug 
must be given fairiy firequentiy. However, most 
patients can take procfunamide orally at intervals 
of 6 to 8 hours. A steady state is reached within 1 
day without loading doses because of the short 
half-life of the drug. When changing from intrave- 
nous infusion to oral dosage, the infusion should be 
stopped and about one elimination half-time per- 
mitted to elapse before administration of the first 
oral dose; the ond dose oan -be. chosen very pre- 
cisely based on the pre^ous intravenous dose and 
the-resulting..plasma concentrations. . 

Disopyranude. In the Uruted States, disopyra- 
mide is approved only for oral admuustration. It is 
available as disopyramide phosphate in immediate- 
or controlled-release capsules contsuiung 100 or 
150 mg <^ tibe base (napamide^ nokpace). The 
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usual total dkily dose is 400 to 800 mg; THis amount 
can be divided into four doses (rfliost often lOO to 
150 mg four- times daily) alternatively, 200 to 
300 mg of a cdntroUed-release preparation cait be 
given every 12 tiours. Although loading doses 6f 
200 to 30d ixig will rapidly produce effective" con^ 
centrations, loading doses are not giyen to patients 
with cardiomyopathy or pbssible cardiac decom- 
pensation, and initial doses are limited to 100 mg 
every 6 to 8 hdufs; Therapy is neVer initiated with a 
controUed-releasie preparation. Maintenance doses 
must be carefully adjusted for patients with renal 
failure according to the creatinine clearance;, effi^ 
cacy, toxic manifestations, and plasma cbncehtra- 
tiohs should be nioiiitdi-ed in such patients. ■ 

Therapeutic Uses. The drugs in class Ia 
have a broad spectrum of action and are ef- 
fective for short- and long-'terin treatineitit 
of supraventricular and ventricular arrhyth- 
mias. Although experience in Europe indi- 
cates that disopyramide is useful in the 
treatment of atrial arrhythmias, in the 
United States it is approved only for the 
treatment of ventricular arrhythmias in 
adults. Individualization of dosage is usu- 
ally required at the outset of therapy be- 
caiise both plasma concentrations and anti- 
arrhythiEnic responses will vary froni patient 
to patient. Several 24-hour Holter ECG re- 
cordings are often required to ensure ade- 
quate cbiitrbr of ; £UT Vigilance 
must be mairitamed to detect' to jreac- 
"tions. . ■ : ■ ■• ■ 

Paroxysmal Supraventricular Tachycardia 
iPSVT}. Quinidine, procainamide, and disopyra- 
mide can be effective against recurrent, aggravat- 
ing PSVT, eiither the usual AV nodal reciprocating 
tachycardia or the PSVT seen in the Wolff- 
Parkinson-White syndrome. In the AV nodal form 
of PSVT, digitalis admiriistration and other meth- 
ods usually are tried before quinidine or other 
drugs in class Ia- The mode of action of these 
agents in PSVT is not eertaiii. They may suppress 
the atrial premature depolarizations that trigger the 
PSVT, or alter conduction and refractoriness of the 
atrium and AV node so that PSVT no longer oc- 
curs. In the Wolff-Parkinson- White syndrome, 
these drugs slow conduction and increase refracto- 
riness in the accessory AV connection and, there- 
fore, prevent attacks of PSVT. 

Atrial Flutter or Fibrillation^ Quinidine was 
once used as the drug of choice for conversion of 
atrial flutter or atrial fibrillation to sinus rhythm. 
Since the advent of direct-current (DG) cardiover- 
sion, quinidine and procainamide have been rele- 
gated to supporting roles in the management of 
these two arrhythmias: Patients scheduled for car- 
dioversion are given oral maintenance doses 1 or 2 
days before the anticipated cardioversion. Perhaps 



one third of patients with 'atrial fibrillation and 
a similar propoxtion of patients; with MrisA flutter 
will convert to sinus rhythm before .cardioyersion> 
but the majority require DC shockv ■Maintenance 
therapy with quinidine or procainamide helps to 
prevent recurrence of atrial fibrillation / If atrial 
premature depolarizations occur ' soon after car- 
dioversion, the dose of drug should be increased 
until they are abolished or drug toxicity is encoun- 
tered. If uninterrupted siniis' rhythih resunies ^^after 
cardioversion, thib concentration of drug in plasma 
should be adjusted to achieve dptimai steady-St^f ie 
valueS: between 2 and 5 /u,g of quinidine: per 

milliliter). - , 

Ventricular Premature Depolarizations and On- 
sustained Ventricular' Tachycardia. Class-lA drugs 
are effective for the long-term trea^tttiesnt of these 
arrhythmias: or for the the prevention of ventricular 
fibriUation. Ventricular premature :depplarization 
(ypp) is a very, .common rhythm disturbance. 
VPDs are treated when they cause discoihfort (pal- 
pitations), impair hemodynainic performance^ or 
incrfease the likeUhood of death (^ee Table 35-^2). 
When treating VPDs or brief , recurrent burstSv of 
ventricular tachycardia,- the d^os;age of drug is ad^ 
justed aind 24-hour Hplter "E0G recd^dirigs are used 
to establish drug efficacy.. Usually, th^ ddSa^e of 
drug is, increased iintil complex forms' (pairs or runs 
of VPDs) are aboUshed and the frequ^nty of VPDs 
is reduced by 70 to 80%; this dosage is then^maipt 
tained. Wh.(eiiL,the arrhythmia is paused by an aciite 
probess, such as open-heart sixrgery , acnte rhyocarT 
dial infarctidh; dr Bcute riiydcarditis, the' drug tan 
be discdntinued when the situatidn is resdlved. If 
the arrhythmi.a treated was life threatemng* the 
drug should be discontinued while the patient is 
being monitored^ ' 

Sustained Ventricular Tachycardia. The treat- 
ment 'Of sustained ventricular tachycardia is qiiite 
different. Prior to the advent of DC cardioversion, 
heroic and skilled dosage with quinidine was used 
to convert ventricular tachycardia to sinus rhytlun. 
The incidence of toxicity was high with this ap- 
proach, and it has been abandoned. Although sjis^ 
tained ventricular tachycardia can be relatively re- 
sistant to treatment with drugs, it usually responds 
readily to DC conversion. After conversion, dnig 
efficacy is evaluated by electrophysiological obser- 
vations (Horowitz et aL , 1980; Swerdlow et al., 
1983). 

Digitalis-Induced Arrhythmias. The complex 
rhythm disturbainces that can attend digitalis toxic- 
ity are discussed in detail in Chapter 34. Although 
quinidine or other class Ia agents can be effective 
for the treatment of digitalis-induced arrhythihias, 
they are not the preferred drugs, because adverse 
effects on cardiac rhythm are more likely to occur 
with their use than with other effective treatments 
ie.g., phenytoinl lidocaine, or anti-digoxin anti- 
body). 

Untoward EfTects. Quinidine. About 
one third of the patients who receive quini- 
dine will have immediate adverse effects 
that necessitate discontinuation of therapy. 
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If this initial hurdle is passed, few extraear- 
diac adverse effects are encountered during 
long-term therapy. However, excessive 
concentration of the drug in plasma will 
cause adverse effects in any patient. Be- 
cause quinidine has a low therapeutic ratio, 
constant vigilance is required in every pa- 
tient taking this drug (see Woosley and 
Roden, 1987). 

Cardiotoxicity. As the concentration of 
quinidine in plasma rises above 2 ftg/ml; 
the QRS complex and the Q-T^ interval 
will widen progressively. These changes 
are useful in monitoring quinidine therapy. 
If the duration of the QRS complex in- 
creases by 50% or more, the dosage should 
be reduced. At high plasma concentrations 
of the drug, cardiac toxicity may become 
severe; SA block or arrest, high-grade AV 
block, ventricular tachyarrhythmias, or 
asystole may occur. Conduction is slowed 
tremendously in all parts of the heart. In 
addition, Purkinje fibers can become depo- 
larized and develop abnormal automaticity. 
These changes are responsible for the bi- 
zarre arrhythmias seen in severe poisoning 
with quinidine. Quinidine can produce 
early^ afterdepolarizations and triggered ac- 
tivity in Purkii«e- fibers exposed to low 
cbncentration^ of in vitro (Roden and 
Hoffman, 1985). Polymorphic ventricular 
tachycardia (foryarfcj de pointes) eausedby 
quinidine is a 4ife-thr€satening event and 
must be treated with the utmost caution*. 
The ECG must be closely monitored in an 
intensive care unit. Sodium lactate or bi- 
carbonate, catecholamines v' glucagoni and 
magnesium sulfate may be useful in counter- 
acting ventricular tachyarrhythmias caused 
by quinidine. Quinidine and its hydroxy 
metabolites can be - removed by dialysis 
(Conrad et al., 1977). 

Occasionally, patients taking quinidine 
experience syncope or sudden death. In 
some instances; this reaction may be the 
result of high concentrations of quinidine in 
plasma or the result of coexisting digitalis 
toxicity:? However, torsades de pointes 
may occur in susceptible individuals while 
the concentrations of quinidine in plasma 
are below or within the therapeutic range. 
Individuals with the long Q-T syndrome or 
thsose who respond to low concentrations of 
quiiddine with marked lengthening of the 



Q-T interval appear to be particularly at 
risk and should not be treated with this drug 
(Koster and Wellens, 1976). Bradycardia 
and hypokalemia are also risk factors for 
torsades de pointes (Morganroth, 1987). 

A frequently mentioned complication of 
quinidine when the drug is used to treat 
atrial fibrillation is the so-called paradoxi- 
cal increase in ventricular rate. Quinidine 
and other drugs in class Ia can cause a sub- 
stantial decrease in the atrial rate in atrial 
fibrillation. If the atrial rate decreases suffi- 
cientiy, the ventricular rate may increase 
abruptiy because of the decrease in con- 
cealed conduction of atrial impulses in the 
AV node. In some patients, quirtidirie (or 
disopyramide) may be anticholinergic as 
well. A paradoxical incre^e in ventricular 
rate is not common in patients treated with 
these drugs. However, the effect can be so 
dramatic that it is traditional to digitalize 
patients with atrial fibrillation or flutter 
prior to administration of sa class-lA antiar- 
rhythmic agent. 

Blood Pressure. Quinidine can cause 
significant hypotension, particularly when 
given intravenously. This response is probr 
ably due to the a^adrenergic blocking effect 
of the drug. Hemodynamic studies indicate 
that hypotension due to quinidine is caused 
by vasodilatation without a significant de^ 
crease in cardiac output; therapeutic con- 
centrations of quinidine have no significant 
adverse effects on myocardial perforinance. 

Arterial Embolism. The risk of embo- 
lism after conversion of atrial fibrillation to 
sinus rhythm is a source of : Goncem; The 
fibrillating atriia do not contracts and 
thrombi often develop in the left atrium. 
After sinus rhythm resumes, atrial contrac- 
tion may dislodge thrombi; stroke is the 
most dreaded sequela of the resultant arte- 
rial embolization. However, the long-term 
risk of systemic emboUzation is greater if 
atrial fibrillation persists than if conversion 
to sinus rhythm occurs. If cardioversion is 
performed as an elective procedure, pa- 
tients are usually given anticoagulants for 1 
to 2 weeks prior to conversion. 

Cinchonism. Like other cinchona alka- 
loids and the salicylates , quinidine can 
cause cinchonism. Symptoms of mild cin- 
<jhonism include tinnitus, loss of hearing, 
slight blurring, of Msion, and gastromtestir- 
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ml upset. If; toxicity is severe, headache, 
xMplopia, iphotGphobia;' and altered color 
percepticm may occur* ats can eonfiision, 
delirium^ and psys^ttosis. The skin m^iy. be 
hot and flushed; riatiseav vomiting, diarr 
rhea, and abdominal pain are likely. 

Gastrointestinal ..Symptoms. / The most 
common adverse reactions ; to quinidine 
occur in,the. gastrointestinal tract— nausea, 
vomiting, and diarrhea. Gastrointestinal 
symptoms often occur even when drug con- 
c6htrations in plasma are low. This type of 
adverse reaction is apparent almost immcr 
diately after quinidine is started and forces 
early discontinuation of the drug in almost 
one third of patients so treated. ' 

Hypersensitivity Reactions. Hypersen- 
sitivity to quinidine can cause fever; this 
reaction is rare and disappears when the 
drug is discontinued. Rarely, quinidine 
causes ranaphylaetict reactions, which re- 
quire emergencyimeasures. Thrombocyto- 
penia is an unconiitiiombut potentially lethal 
outcome of treatment with quinidine. 
Thrombocytopeniaf usually occurs kfter 
several weeks or; months of therapy and is 
due ito formation; of drug-rplatelet comr 
plexes that evoke a circulating ^antibody . 
When -quinidine,! platelets, antibody i* and 
complement are ' all pre sent in the circula- 
tion, platelets agglutinate and lyse. Throm- 
bocytopenia can be profound, and severe 
bleeding may ensue. If quinidine is 
stopped, the platelet count will return to 
near normal within days. Until the bleeding 
time is normal, patients should be kept in 
the hospital and, if necessary, treated with 
adrenocorticosteroids. Asthma-Hke respi- 
ratory difficulty or vascular collapse can 
occur as a result of hypersensitivity. Artifi- 
cial ventilation and supportivie measiires 
are usually effective. 

Prcfcainarhidei Cardiotoxicity. Exces- 
sive plasma- concentrations . of procainar 
mide :produce EGG changes; very similar to 
those seen during quinidine therapy. The 
same rules and precautions for using and 
discontinuing quinidine isee above) pertain 
to procainamide. Interestingly, the syn- 
drome of marked Q-T prolongation and 
torsades de pointes described for quinidine 
is less common with procainamide and usu- 
ally occurs in renal failure when plasma 
concentrations of NAPA : rise _ markedly . 
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Procainamide, dike quinidine, will slow the 
atria in; atrial fibrillation and can thereby 
cause a ''paradoxical" increase in the ven- 
Mcular response^;;.; U:i 

Bloods jRressure;;!. If procainamide is ad- 
ministered^ inteavenGiisly , it; can cause hyr 
potension. Intermifttent or continuous intra- 
venous ? infusion-; can be adjusted so that 
significant hypotension is unusual, pro- 
vided that doses do not exceed 600 mg over 
a period of 25 to 30 minutes. Toxic concen- 
trations of procainamide can diminish iaiyor 
cardial perfonhande and promote hypoten- 
sion. ■ " : 

Extracardiac Adverse Effects. During 
oral administration of procainamide, gas- 
trointestinal symptoms (anorexia, nausea, 
vomiting, and, rarely, diarrhea) may occur; 
these symptoms are much less common 
than .with quinidine. Procainamide can pro- 
duce adverse effects on the GNS; including 
giddiness, psychosis, hallucinations, and 
mental depression. i ; . 

Hypersensitivity Reactions. Occasion- 
ally, >fever Qcciirs during the first few days 
gf ; thdfapy and forces diseontinuanee . of 
procaixipniide . Agraiuiloc3^osisr may occur 
in the early; weeks* off therapy; fatal infect 
tibns may follow (Meyers ef a/., 1985). Il©u- 
kocyte and differential blood counts should 
be done regularly during therapy, and com- 
plaints, of sore throat should be promptly 
evaluated. Myalgias, artgioedema, skin 
rashes,: digital vascuUtis, and Raynaud's 
phenomenon have all been attributed to 
procainamide. 

Procainarriide can cause a syndrome that 
superficially resembles authentic systemic 
lupus erythematosus (SLE). Arthralgia is 
the most common symptom; pericarditis, 
pleuropneumonic involvement, fever, and 
hepatomegaly are common signs. The most 
serious icomplication is hemorrhagic peri- 
cardial effusion with ; tamponade. Drug- 
induced SLE is different from the. naturally 
occurring disease in that there is no predi- 
lection, feu* females; this brain and kidney 
are spared; leukopenia, anemia, thrombo- 
cytopenia ^ and hyperglobulinemia are rare; 
and false^positive serologic tests for syphi- 
lis do not occur. The drug-induced syn- 
drome is reversible when procainamide is 
discontinued. At least 60 to 70% of patients 
who receive procainamide will develop an- 
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tinuclear antibodies after 1 to 12 months of 
therapy. These antibodies are directed 
against nuclear histones. Only 20 to 30% of 
patients with antinuclear antibodies wiU 
develop the clinical symptoms and signs of 
the SLE syndrome if treatment is eojitin- 
ued. When symptoms occur, LE-cell prep- 
arations are often positive. The deyelop- 
ment of antinuclear antibodies alone is 
insufficient reason to discontinue therapy 
j^ith procainamide. However, the benefits 
and risks of continued therapy shQuld be 
§issessed, and procainamide is rusually 
§t;oppe<l , when patients become symptor 
niatic. It is not yet clear if individuals who 
acptylate procainamide slowly hjaye an in- 
creased risk of developing the SJLE-like 
siyndrpnae; however, antmuelear antibodies 
appear! more rapidly in slow ac^tylatprs 
t^han in fast acetylators (Giardioa al., 
1977; Woosley et al.. 197«). The use of 
acecainide (NAPA) has only rarely been 
j^sspciated with the development of antinur 
clear antibodies. > >■ ' 

Disopyramide . The anticholinergic 
actioii of disopyramide produces a signifi- 
c^nt incidence of dry mouth, constipation, 
blurred vision, urinary hesitancy,; and, oc- 
casionally, urinary retention. These effects 
are more .common than with other drugs in 
class Ia- Disopyramide can cause nausea, 
abdominal pain, vomiting, or diarrhea, but 
gastrointestinal symptoms are significantly 
less common than when quinidine is jused. 
iQisopyramide reduces cardiac putpuV:. and 
left ventricular performance by a direct 
depressant effect and peripheral ^eriolar 
coi^striction. The? adverse effects on. ven- 
tricular function can be striking in patients 
who have preexisting ventricular failure 
(Jensen et al., 1915; Podrid /ik . t9§0)., 
Great caution should be exercised in treat- 
ing such patients with disopyramide., IThe 
adverse hemodynamic effects are -more 
marked than thp^e of other antiarrhythmic 
drugs. The blood pressure usually increases 
transiently after intravenous adminiistrati^n 
pf disopyramide , , even thougti : the^ cardiac 
output falis; total peripheral vascular resist- 
ance thus increases markedly:, (see Di 
Bianco .er a/v, 1987; WiUis. 1987). ,j 

Drug ^ Intobactions. .Dn«s that induce drug- 
mQtabplizing enzymes in jthe-liveji, such, a§ .phLenor 



barbital or phenytoin, may significantly shorten the 
duration of action of quinidine by increasing its rate 
of elimination. Since patients vary tremendously in 
their susceptibility to enzyme induction, it is diffi- 
cult to predict which individuals will be affected. 
When quinidine is given to patients who have sta- 
ble concentrations of digoxin in plasma, the digoxin 
concentration usually doubles because of a de- 
crease in its clearance (Bigger, 1982). Occasionally, 
patients who are receiving warfarin or other oral 
anticoagulants will have an increase in i)rothrombin 
time after quinidine is begun; the mechanism of this 
reaction is not clear. Since quinidine is an a- 
adrenergic blocking agent, it can interact additively 
with drugs that cause vasodilatation or decreased 
blood volume. For example, nitroglycerin can 
cause severe postural hypotension in patients who 
are taking quinidine. the effect of any given con- 
centration of any antiarrhythmic drug in class Ia on 
conduction in the heart is greiater when the cbhcen- 
tration of 'K"^ in plasma is increased. 

Class Ib: Lidocaine, PhenVtoin , 

TOCAINIDE, AND MeXILETINE 

Antiarrhythmic drags in class Jb produce 
only small changes in phase-0 des)olarizar 
tion and. conduction velocity in mypcaarilial 
Purkinje fibers when resting values oii Vm 
are nprmal isee Table 35-3). However, the 
depressant effects ; of class-Ifi drugs on 
these parameters are markedly intensified 
when the membrane is depolarized or when 
the frequency of excitation is increased. In 
contrast to drugs in class Ia, thpse in class 
Ib usually hasten membrane repolarization. 
Lidocaine is the prototypical agent, al- 
though it is tbe only member of this class 
that is not effective orally,; t : 

" tlfetoiy . Lidoca^e is widely used as a local an- 
esthetic jCsee Chapter 15). It was iritrodjiced a^ an 
antijirrhythmic %ent in 1962 for the eim^r^eriey 
treatment of ventricular arrhythmias after cardiac 
surgery-or acute myocardial infarction. Two orally 
effective relatives of lidocaine have recently ber 
come available— tocainide in J984 and mexiletine 

*° Phenytoin has b^n used since 193Mor the tf«kt- 
ment of seizures isee Chapter 19). In 1950^ H&ms 
and Kokemot found that phenytoin was thgrapeuta- 
cally effective for ventricular tachycardia in experi- 
mental myocardial infarction in dogs. Clinical stud- 
ies have demonstrated its usefulness fdf ventricular 
arrhythmias iii man, especially those associated 
with digitalis toxicity. / : 

Chemistry. The chemistry and structures ot li- 
dodiaine arid phenytoin are discussed iri Chapters 15 
arid 19; respectively. The chemical structures of 
tocainide and mexiletine closely resemble that of 
Udocaine and aa?e as fbltows;?;:; ^ ' 
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Mextletine 

CH3 

\:h3 

Tocainide 

Cardiac Electrophysiological Effects. 

Automaticity. It is distinctly unusual for 
therapeutic concentrations of class-la 
drugs to depress the human sinus node, but 
It can occur in patients with preexisting dis- 
ease of the sinus node (Bigger and Reiffel. 
1979; Kerr et al., 1983). Therapeutic con- 
centrations of these agents decrease the 
slope of normal phase-4 depolarization in 
Purkmie fibers, this action is caused by k 
decrease in th^ pacemaker current (/^ atid 
an increase in time-independent outward 
current Ok,) (Weld and Bigger, 1976- Car- 
meliet and Saifcawa, 1982). However, the 
capacity of toc^Mde and mexiletine to re- 
duce the automaticity of PurMiue fibers is 
more reminiscent of quinidine, in that a 
shift of the threshold voltage for firing to- 
ward more positive values of Vm has an 
important role (Roden and Woosley, 1986b- 
Campbell, 1987). Lidocaine also can coun- 
teract aijtomaticity in depolarized 
stretched Purkirye fibers, and both lido- 
caine and phenytoin are effective in abol- 
ishing triggered activity due to digitalis- 
induced delayed afterdepolarizations 
(Rosen et al., 1976; Peon et al., 1978). 
These effects could result from an increase 
in that overcomes small inward currents 
that cause depolarization or from a de- 
crease in inward Nk+ current (Carmeliet 
apd Saikawa, 1982; Colatsky. 1982) 

Excitability and Threshold. Class-lB 
agents cause an increase in the diastolic 
electncal current threshold in cardiac Pur- 
kiijje fibers by increasing conductance 
(^K.) without changing resting Vm or the 
voltage threshold. They also increase the 
threshold for ventricular fibrillation 



. ^^sponsiveriess and Conduction. The 
effects of lidocaine Oil membrane respond 
siveness are complex. The steady-state 
relationship between V^^ and Vm is little 
altered in normal Purkinje fibers b^ 
therapeutic concentrations of lidocaine, biit 
fast responses are prevented at low (less 
negative) values of Fm. This effect can be 
explained by a lidocaine-irtduced increase 
m /k,. The effect of lidocaine on respoiiJ- 
siveiiess depends on [K]^: at [K]„ up to 
4.5 riiM, therapeutic concentrations h^i^e 
little effect; at [K]^ of 5.6 or 6.0, therapeufi© 
concentrations of lidocaine reduce V "at 
any level of (Obayashi a/., WJS^' 
Toxic concentrations shift responsiveness 
m much the saihe way as quinidine does 
Lidocaine suppresses the responsiveness of 
abnormal ventricular muscle fibers that sur- 
vive experiinental infarction (Kupersmith 
et aL. 1975). The effect of lidocaine on re- 
sponsiveness iS use dependent and is in^ 
creased at fest heart rates {see abov^) 
(Hondeghem and Katzung, 1980; Bean 
^ aL, 1983). 

Because of the large safety factor for 
conduction, lidocaine and the other dnigs 
m class Ib usually have no effect on cori^ 
duction velocity in normal tissues of the 
His-Purkinie system or ventricular muscle; 
Under abnormal circumstances, these 
agents may either decrease or increase con- 
duction velocity in the His-Purkiiue sys- 
tem or m ventricular muscle; in ischemic 
tissues, conduction velbcity usually de- 
creases substantially (Kupersmith et al., 
1975). In tissues depolarized by istretch or 
low [K]„, lidocaine can cause hyperpolari- 
zation and significant increases in conduc- 
tion velocity (Amsdorf and Bigger, 1972) It 
IS not known if other drugs in class Ib share 
this t)roperty with lidocaine. 

Duration of the Action Potential and 
Refractoriness. Antiarrhythmic drugs in 
class Ib cause almost no change in the dura- 
tion of the action potential of atrial fibers. 
They substantiaUy decrease the duration of 
the action potential in Purkinje fibers and 
ventricular muscle; this effect is attributed 
to blockade of small Na+ currents that flow 
during the plateau of the action potential 
(Colatsky, 1982). The greatest change is 
seen m the portions of the His-Purkinje 
system in which the duration of the action 
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potential is normally longest iWittis et al., 
1973). This tends to reduce the temporal 
and spatial dispersion of refractoriness. 
The effective refractory period shortens 
after exposure to drugs in this class. 

Effect on Reentrant Arrhythmias. 
Class-lB drugs can abolish ventricular reen- 
try, either by causing two-way block or by 
improving conduction. If one-way block 
occurs in ischemic, depolarized elements of 
a reentry circuit, two-way block is the more 
Ukely mechanism. In patients with impaired 
Ay nodal and ventricular conduction, 
tocainide arid mexiletine may be more apt 
to reduce conduction velocities in the af- 
fected regions than is lidocaine isee Keefe 
et al., 1981), Conduction call actually be 
improved by lidocaine if depolarization and 
slow conduction are due to decreased ^k, 
(e.g., stretch or low [KJ^). 

The drugs in class Ib are much less effec- 
tivei than quinidine, procainamide, or diso- 
pyramide in slowing the atrial rate in atrial 
flutter or vatiial fibrillation or in converting 
these arfhythniias to sinusi rhythm. This is 
expected, since clasis-In agents have so lit- 
tle effect on either refractbrinb^s or respon- 
siveness in the. atria. K , 

Electrocardiographic Effects, la strik- 
ing contrast tb'liie drags in class Ia, those in 
class Ib caiise .negligible: change in, t\i6 
Ed(jr; the Q-T interval may shorten, but 
the QRS does not widen. The refi-actory 
iieriod of -the AV node shortens or does not 
change; in patients with atrial flutter and 
who show substantial shortiening. of the AV 
nodal refractory period, a marked increase 
in ventricular response can result. Usually 
the ERP in the His-Purkinje systen\ short- 
ens substantially during treatment with 
these agents ; however, it- can lengthen in 
patients with preexisting bundle-branch 
disease. ' ;"' 

Autonpinic Nervous System Eiffects. Ex-r 
cept for phenytoin, the agents in class Ib 
have no significant interaction with the aU- 
tonoiriic nervous systeiri, Most 0f the ef- 
fects of phenytoin, if not aUr arise.froih ac- 
tions i within the CNS ; y agat V effier^ 
activity is modulated, and the efferent traf- 
fic in cardiac sympathetic nerves tiiat is 
enhanced : during digitalis intoxication is 
reduced by phenytoin. 



S59 

Absorption, Distribution, ^nd Elimina- 
tion. Lidocaine. Although lidocaine is 
well absorbed after oral administration, it is 
subject to extensive first-pass hepatic me- 
tabolism, and only about one third pf the 
drug reaches the general circulation. Many 
patients experience nausea, vomiting, and 
abdominal discomfort after oral administra- 
tion of lidocaine; this route is not used. The 
drug is almost completely absorbed after 
intramuscular administration. 

About 70% of lidocajne in plasma is 
bound to proteins, mostiy ai-acid glycppro- 
tein. Distribution is rapid, and the apparent 
volume of distribution for lidocaine is nor- 
mally about 1 liter per loiograiix; this vol- 
ume is substantially reduced in patients 
with heart failure. 

Essentially no lidocaine is excreted un- 
changed in the urine. Deethylationan the 
liver results in the appearances of 
monoethylglycylxylidine and then glycine 
xylidide. The former metabolite has antiar- 
rhythmic activity, while the latter has al- 
most none (Bumey et al^, 1974). Severe 
hepatic disease or reduced perfusion pf the 
liver in heart failure decreases, ^t^e of 
metabolism. The clearance of lidocaine 
approaches the rate of hepatic blood flow 
and i^ thiis very sensitive td chauges in this 
EJiarameter <Nies ^if 1976), p^e <^t|ar9^^ 
of lidocaine ^so ma;y decrease as a result of 
prolonged infusion (LeLx)rier'er a/., 1977). 
The half-^time for eUimnation is normally 
about 100 minutes- 

Phenytoin. Only a few ppints that are 
crucial to the use of phenytoin as an antiar- 
rhythmic drug will be discussed heire. A 
more detailed discussion is presented in 
Chapter 19. Absorption of pi]ienytoi)a frbm 
the gastrointestinal tract is slpw and some- 
what erratic. Absorption after intramuscu- 
lar injection is also slow and may be incom- 
plete. About 90% of phenytoin in plasma is 
bound to albumin; the fraction is less in pa- 
tients with uremia. After intravenous ad- 
ministration, phenytoin is distributed to tis- 
sues rapidly. The drug is ' eiiminated by 
hepatic ji^rbxylktiori, Tlie riaajor irietabo- 
lites of phenytoin probably lack antiar- 
rhythmic activity. Metaboliism is relatively 
slow and is not substantiaHy altered by 
chs^iges m hepatic blood flow. The fenzV;ine 
system that metabolize^ pfeenytpin be- 
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Cptties' sateated hy jcotittntrsitioris of the 
dhig m the th^rapeiitic ran^e; hence, thfe 
half-tinie for ehmiftation is dose dependent, 
arid ririexpeetfed toxicity can occur (je^ 
ehaiiter 19* Apperidix 11):^' ' 

Jcycainide. Tbcairiide is completely ab- 
sorbed after oral adiriinistratipn; peak cori- 
cehtratioris in plasma occur within 1 to 2 
hoiirS; About 40% of a dose of tocainide is 
excreted ' as siuch in the urine. The half-life 
in plasma is 11 to 15 hotirs, arid fliis valiie 
riiay increase twofold iri patierits with renal 
or hejpEitic disease (jee Holmes a/;, 1983; 
Hasegawd, 1985). 

Meic/Y^rme. M is readily ab- 

sorbed after Oral adiriiriistratiori, and its 
systeiriic bioa^^iability'is^ aboiit 90%. The 
drug is eliminated after hepatic metabolism; 
about- 10% of a ddSe is found unchahged in 
the uKrite. ' The elimination half-iiife is ap^ 
proximately 10 houi/S (jsee Schriaider and 
Bauman, 1986). ^ , ij- ■ -r.. 

Preparations^ Dosage, and Routes of Adminis- 
tration. Lidpcainey Lidocaine hydrochloride 
it^^ction, (^ is available for intrave- 

nbus adhiMs'tratioh in solutions for infusioti (2, 
4, dr '8 irig/tni)"-**'f6r dil-ect Administration (10 or 
20 mg/mlH and for dilution into admixtures (40, 
100, or 2()0 mg/ml); solutions for iritramuseular in- 
jection contain 100 mg/ml. These solutions qontain 
no preservative, sympathomimetic, or other vaso- 
Q(initii6i6t. Catastrophic E^hyttimias can oe'cUr 
if preparations that contain sympathomimetic 
amines arie used accidentally. . • ■; i, ; , 

Lidocaine is only administered intravenously or 
intramuscularly. To achieve gJfectiS^e. concentra- 
tions rapidly, intravenous adniihistration df aJ)out 
0.7' to 1 A mg/kg of body weight is used; A second 
iiueiction imay be required in 5 minutes; hd more 
than-; 209'' to ;30O,mg should be given in l,hoiu'. 
Smaller doses should be used for patients who have 
heart failiire. Rapid infusion may also be employed 
to adniinister a loading dose. A constant rat6 of in- 
travenous infuision is used to maintaan an 'effective 
concentration. Infusions in the range Of 1 to 4,mg 
per minute produce therapeutic concentrations in 
plasma of 1 to 5 pig/ml in 7 , to 10 hours; in patients 
with heiait failure or shOckl the seune ratfe pf infii; 
sion will produce plasma coiiceritrations t\v6 or 
more times higher (see Appendix II). As the circu- 
latory status changes, hepatic bipod floWi ; can 
change dramatically and shifts in the concentration 
of lidocaine in plasma will reflect these alterations 
(Nies et al., 1976). An ihtrainuscular dose of 4 to 
5 mg/kg will produce an' effective c6hc6ntratioh of 
lidocaine within: 15 minutes, and this therapeutic 
ley el is maintained for about 90 minutes. 

Phenytoin. The preparations of phenytoin are 
presented in Chapter 19. Phenytoin should be giVen 
orally or by ititermittent injection; the im'ecfable 



pi^epiratioh has a pH- of about 12 and causes severe 
phlebitis if infused. Critical arrhythmias should not 
be treated by the intramuscular route because ab- 
so^rption is toorunreliabl^. The schedule for inter- 
mittent intraveriPus injecfioh of phenytoin iis almost 
identical tP that described above for procaihamide: 
100 mg of phenytoin is given ievery 5 minutes until 
the arrhythmia is controlled or until ^dyerse effects 
are encountered (Bigger et al., 1968). The rate . of 
injection should not exceed 50 rng per minute. Usu- 
ally about 700 rrig'is required; doses above IWiO liis 
are rarely needed: Oral? treatment of arrhythmias 
usvially is initiated with loading: doses because^ of 
phenytoii^'s long elimination half-time. A dpse of 
15 mg/kg is given the first day, 7.5 mg/kg on the 
second day, and 4 tb 6 mg/kg per day for loiig-term 
maintenance (mosf often 300 to 400 mg per day): 
The orial maintenance dose can be given once a day 
or divided into .two portions. s 

■Tocainide. ,,Tocainide, .hydrochloride (tono- 
CARb) is available in 400- and 600-mg tablets. The 
usual bral dosd is"400 tb 60i6 mg every 8 hours up to 
a maximum bf about 2400 mg per day; 'daily dos- 
ages should be reduced tp less than 1200 mg in pa- 
tients with renal or hepatic, impairment. 

Mexiletine. Mexiletine hydrochloride (mexitil) 
is supplied in 150-, 200- , and 250-mg capsules. The 
usual oral dosage is 200 to 300 mg (lip to a maxi- 
mum of 400 mg) given eVfery 8 hours with food or 
antacids. For rapid, response, an, initial dose of 
400 mg may be giyen. Reduced dosage piay be re- 
quired in patierits with hepatic impmrment. ' 

Therapeutic Uses. Lidocaine i Didocaine is 
used almost exclusively tp treat ventricular ar- 
rhythmias, primarily in intensive, care units. Lido- 
caine is ejBfectiye against venitricular arrhythmias 
caused by acute myocardial infarction, open-heart 
surgery, and digitalis. Lidocaine^ tends- to prevent 
primary ventricular fibrillation in the acute phase of 
myocardial infarctioi^,, but j no beneficial effect, on 
mortality h3js been dembnstratefl^ (pieSilva e/ al., 
1981; MacMahbtt eta/., 1988): 
' PhenytdiriJ' Ph'enytbih is ttsed tb tteat vehtricu- 
lar aifhythinias, paroxysmal atrial; flutter or fibrilla- 
tipn. and supraventricular arrhythmias caused by 
digitalis. Phenytoin is effective against, the ventric- 
ular arrhythmias seen after open-heart surgery and 
kciite myocardial infarction, but lidocaine is 
equally effective and is easier to use: Phenytoin is 
relatively ineffective against recurrent, drug-resis- 
tant ventricular tachycardia in patients with 
chronic ischemic heart disease. Phenytoin reduces 
ventricular arrhythmias in the year after myocar- 
dial infarction ' if the concentration of the drug in 
plasma is kept above 10 /Ag/ml; such concentra- 
tions are readily attained with doses, of 400 to 
500 mg per day. Phenytoin is highly effective 
against multifprm and complex ventricular prema- 
ture depolarizations, ventricular tachycardia, and 
atrial tachycardia with AV block induced by digi- 
talis; often, small dpses are effective. It is spme- 
what less effective against nonparoxysmal AV 
junctional tachycardia; larger doses are needed, 
and a larger fraction of cases fails to respond. 
Phenytoin has been used effecitively with «lectro- 
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physiological guidance against sustained ventricu- 
lar tachycardia in chronic coronary heart disease 
and against ventricular tachyarrhythmias in the 
long Q-T syndrome, in conjunction with a /3- 
adrenergie blocking agent (Schwartz et aZ.,' 1975). 
The, effects of phenytoin on sinus arrest or sino- 
atrial block caused by digitaUs in human subjects 
are unknown. Phenytoin is relatively ineffective 
against the common atrial arrhythmias, such as 
atrial flutter, atrial fibrillation, and supraventricular 
tachycardia {see Atkinson and Davison, 1974; Wit 
et al.. 1975). 

Tocainide and Mexiletine. Tocainide,and meJti- 
letine are indicated for the oral treatment of ven- 
tricular arrhythmias; responsiveness to lidocaine is 
quite predictive of a response to tocainide. Loajg- 
tempi* oral treatment of ventricular ectopic beats 
with either tocsiinide or mexiletine has . met with 
variable success. The effectiveness of theise drugs 
is less than that of procainamide or quiiudiiie isee 
Holmes et al., 1983). Mexiletine can suppress ven- 
tricular tachycardia in some patients who haVfe n&t 
^responded to -quinidine or; pther drugs in class Ia- 

1 Untoward Effects. Antiarrhythmic 
agents in class Ib have fewer aidverse car- 
diac effects than do those in either class Ia 
or class Ic- They cause less serious proar- 
rhythmic effects and are less likely to ag- 
gravate heart failure . 

^ IMoeaine^, Lidocaine has few undesira- 
ble cardiovascular effects. Its main adverse 
effects are on the CNS. At concentrations 
in plasma near 5 /tg/ml, symptonls are often 
subtle, such as feelings of dissociation. par^ 
esthesias! (often perioral), mild driow^iness, 
qr agitation. Higher, concentrations may 
cause decreased hearing,- disorientation, 
muscle twitching, convulsions, or respirar 
tory; arrest. The minor GNS. effects are not 
dangerous, but j do severely disturb some 
patients. Such symptoms should prompt a 
decrease of the infusion rate. The more se- 
vere toxic manifestations are life threaten- 
ing.: ■ '■■ 

Phenytoin. The most prominent adverse 
effects of phenytoin during short-term 
treatment of arrhythmias are ^ referable to 
the CNS and include drowsiness, nystag- 
nius , vertigo , ataxia; and nausea. The 
progression of such symptoms shows an 
orderly relationship to increasing coh^ 
centrations in plasma. In short-term treat- 
ment of arrhythmias, neurological; signs 
usually indicate that plasma concentrations 
are in e^ccess of 2Q i/Ltg/ml. This information 
is useful; if an ■ arrhythmia „has , not re- 
sponded tO iPheiiytoin at concentrations - of 
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about 20 /tig/ml, it is unlikely to respond at 
higher concentrations. ; V 7 

Tocainide and Mexiletine.: Both to- 
cainide and mexiletine cause; CNS symp- 
toms {e.g., dizziness, light-headedness, and 
tremor) and gastrointestinal,- symptoms 
(e.g., nausea i vorniting,; : alnd anorexia) 
(Roden and Woosley, 1986b; Campbell, 
1987). The use of tocainide, but not df mex- 
iletine, has been associated with agrartulo- 
cytosis, bone marrow depression * and 
thrombocytopenia (Volosin et al. , 1985 ; 
Soff and Kadin, 1987). The sequelae of 
granulocytopenia have included serious in- 
fections, sepsis , and deiath . When the white 
blood cell count is less than 1000, the mor- 
tality rate is about 25%. Granulocytopenia 
usually occurs in the first 12 >yeeks of treat- 
ment; it is recoiimiende'd that white blood 
cell, differential, and piatelet counts be 
done weekly for the first 3 months of treat- 
ment. If abnormalities are detected, 
tocainide should be discontinued. The 
blood cell counts usually return to nor- 
mal within a month. Because of the risk 
of agranulocytosis, tocainide should be 
used only when other drugs have been 
ineffective. ; 

Drug Interactions. Few drug interactions have 
been reported with lidocaine : i8- Adrenergic antago- 
nists can decrease hepatic blood flow in patients 
with heart disease, causing a decrease iij the rate of 
hepatic metabolism of lidocaine arid an increase in 
its plasma concentration (Nies era/., 1976). Other 
basic drugs can displace lidocaine from its binding 
sites ori'ai-acid glycoprotein (Routledge et al., 
1980). Plasma concentrations of lidocaine are 
higher in patients whi9 .are receiving cimetidine con- 
currently. The mechanism of this interaction is 
complex, but the dose of lidocaine may require ad- 
justment (KnaPP et a!., 1983);. Lidocaine can poten- 
tiate the effects of succinylcholine. 

The hepatic metabolism of mexfletine can be ac- 
celerated b^y concurrent administration of pheny- 
toin or rifampin. No clinically significant drug in- 
teractions have been reported for tocainide. 

A large number of interactions with other drugs 
have been described during long-term administra- 
tiori of phenytoin; thfesef ari discussed ih Chapter 
m ■■ly:-^-: : ' - "'^ 

Class Ic: Flecainide, Encainide, and 
Propafenone .^-Jv.-,.- 

Glass-lc drugs have a high affinity for 
safcolemmal ;Na* channels-; they rare the 
most potentiof ttoe antiarrh!^^hmicJ agents: iii 
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slQwingf conduction of the cardiac impulse 
and in suppressing i^va^ an^ spontanecm^ 
ventricular i^maiture complexes (see Sym- 
posium; 4 1984c;. Roden and .Wbosley, 
1986a): The firstrdrug-in this class, flecai- 
nide, was inteoduced into clinical practice 
in the United States in 1986. Encainide is 
also i available < for general use , while 
propafenone and indecainide are being in- 
vestigated. The role of these drugs in the 
treatment of supraventricular and ventricu- 
lar arrhythmias is still being defined. 

Chemistry. . The structural fomndas of flecai- 
nide, enpmnide, propafenone^ and indi^cai are 
as follows: ; ■ , , ? 



OGH2CF3 



CH2GH. 



GH3 



CH2— CH2— CO 



^O-^CHa— GHOH — CHa 



NH— C3H7 



Propafencyne 




Indecainide 

Cai-diac Electrophysiological Effects. 

The drugs in class Ic bind tightly to and 
block fast Na^ channels. Thus, they de- 
crease the Vmax and overshoot of action 
potentials in atrial, ventricular, and Pur- 
kinje fibers and slow conduction in these 
structures, most prominently in the His- 
Purkinje system (see Symposium, 1984c, 
1984d, 1986). There are relatively small ef- 



fects on repolarizationy duration of action 
^otentiMis, and tlie ERP in Ihiildnie fibers. 
The refractory period of the AV node is 
usually increased and refractory periods in 
accessory pathways are markedly pro- 
longed by these drugs. In addition, 
propafenoqe has weak ^-adrenergic block- 
ing effects.^. J 

Electrocardiographic Effects. At thera^ 
peutic concentrations in man, class-Ic 
drugs have little effect on heairt rate; how- 
ever, they cause a substaiitial increase in 
the P-k interval and the duration of the 
QRS complex (Symposium, 1984c, 1984d, 
1986): The P-R interval may increase to 
0.50 second and the QRS complex may be 
prolonged to 0.18 second; the dose should 
be reduced if these values are exceeded. 
The Q-Tc interval may be prolonged due to 
marked widening of the QRS complex, but 
the J-T interval (fi-om end of QRS to the 
end of the. T wave) always shortens. Clini- 
cal electrophysiological studies reveal a 
substantial increase in the P-A, A-H, and 
H-V: intervals; the latter may lengthen by 
15 to 20 msec, more than that' observed 
with any other class of antiarrhyllimic 
drugs.- - "■ -^i'^- • -. ■■■ 

' V Absorption, Distribution, and Elimina- 
tion. Flecainide. Flecainide is almost 
completely absorbed after oral administra- 
tion; peak concentrations in plasma occur 
at about 3 hours. Flecainide is metabolized 
by the liver; about 40% is excreted in the 
urine unchanged. The metabolites have lit- 
tle or no antiarrhythmic activity. The aver- 
age half-time of elimination is about 11 
hours. Flecainide may accumulate in pa- 
tients with renal failure, and its concentra- 
tion in plasma and the ECG should be care- 
fully monitored during treatment of such 
patieiits (Symposium, 1984c; Roderi and 
Woosley, 1986a). 

Encainide. Encainide is also alm&st 
completely absorbed after oral administra- 
tion, but its bioavailability is reduced to 
about 30% by first-pass hepatic metabo- 
Usm. Peak concentrations in plasma occur 
at 30 to 90 minutes. Encainide is metabo- 
lized by the hepatic cytochrome P450 sys- 
tem and has a half-life in plasma of 2 to 3 
hours. About 10% of the population have a 
genetically determined deficiency in this 
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P456 system; the bioavailability increases 
to greater than 80% and the half-life is 
prolonged to 10 to 12 hours in such individ- 
uals. Two active metabolites are formed: 
O-desmethyleneainide (half-life of 3 to 4 
hours) and 3-methoxy-O-desmethylen- 
cainide (half-life of 6 to 12 hours). While the 
parent compound is responsible for the ef- 
fects of the drug in the 10% of patients who 
metabolize encainide slowly, these metabo- 
lites account for most of the antiarrhythmic 
actions of encainide in the majority of pa- 
tients. They accumulate in the plasma of 
patients with renal failure, thus necessitat- 
ing a, reduction in dos^e (Symposium, 
1986; Woosley al., 1988). ' 

Propafenone. Although propsfenone is almost 
completely absorbed from the gastrointestinal 
tract, its bioavailability is reduced by extensive 
first-pass hepatic metabolisni and is dose depen- 
dent; Values range from 5 to 40% for patients with 
normal hepatic function or up to 60% in those with 
severe Ijyer disease (jee Symposium, 1984d). Peak 
concentrations in plasma occur at about 3 hours. 
PropaiPenonLe is 97% bound to ai-acid glycoproT 
tein. The dni^ is almost completely metabolized 
in the liver before excretion, primarily in the 
feces. At least 11 metabolites have been detected; 
two* 90fl[ipounds, 5-hydroxypropafenone and^ N^ 
desalkylprbpafeiione, have electrpphysiplogical 
effebts similar to those of the parent driig. The 
steady-sta^tes concentrations Of ea;ch of these metab- 
olites in plasma is about 20% of that of 
propafenone. Like encainide, rates of hepatic me- 
tabolism .pf propafenone ^e ibimodally dUstributed 
ill the i»bpulatioh. The elimination half-life of 
propaft^iiohe averages 5' to 6 'hbvii:^ iii' fast 
metabolizers and 17 hours in slow metabolizers; 
dosage should be reduced for the latter individual^. 
These values may increase up to twofold in patients 
with severe hepatic dysfunction. The pharmacoki- 
netic properties of propaferiorie are dose depen- 
dent; few example^ an increase in dose fixwri 300 ^to 
900 mg per day qan; result in as much as a teiifold 
increase in its concentration injplasimi > 

Indecainide. Indecainide is. eilmost completely 
absorbed after oral administration ; peak concentra- 
tibifts in plasma ocdur at about 1 to 2 hours. About 
50% of the drug is bound to plasma proteins. In- 
decainide is eUminated with a half-time of -around 
8 hours i principally by renal excretjon pf the 
unchanged drug; the dosage should, be reduced 
ifi patients with compromised renal function. 
The ' principal > metabolite of indecainide, 
N-desalkylindedainide, has substantial antiarrhyth- 
mic activity ; its concentration in plasma is usually 
about 20% of that of indpcainide. 

Preiiiairatioiis, 'Dosage, aiid Routes of Adminis- 
tration. FfecaKtti<fe. FtecaihVde acetate txAMBO- 
COR)^ is' available for oral adininistration a^ 50^; 



100-, and 150-mg tablets. The initial dose is 100 mg 
twice a day. Dosage may be increased every 4 days 
in increments of 100 mg per day to a maximum of 
400 to 600 mg per day given in two or three por- 
tions. Therapeutic effects are usually achieved at 
concentrations of 0.2 to 1.0 /xg of flecainide per 
milliliter of plasma; the probability of toxicity in- 
creases when the concentration exceeds 1 .0 /u.g/ml. 

Encainide. Encainide hydrochloride (enkaid) 
is supplied for oral administration as 25-, 35-^, and 
50-mg capsules. The initial dose is 25 mg given 
three times a day; this can be increased every 3 to 5 
days to a maximum of 50 mg four times_ a daty. It 
may be necessary to adjust dosage in patients with 
renal or hepatic impairment. 

Therapeutic Uses. Flecainide and encainide are 
indicated for life-threatening ventricular arrhyth- 
mias; propafenone and indecainide may eventually 
be found to be similarly useful. The use of these 
drugs should be initiated in hospital for patients 
with malignant ventricular arrhythmias, symptom- 
atic congestive heart failure, bifascicular block; 
or sinus node dysfunction. These drugs are under 
investigation for the treatment of supraventriciilar 
tachycardia and paroxysmal atrial fibrillation 
(Symposium, 1988a, 1988b). 

Untoward Effects. All drugs in class Ic 
produce similar adverse cardiac effects. 
Proarrhythmic effects occur in 8 to 15% of 
patients with malignant ventricular arrhyth- 
mias, but such effects were thought to be 
rare in patients with benign or potentially 
malignant ~ ventricular arrhythmias (Mor- 
ganroth a/., 1986). However, encainide 
and flecainide have recently been shown to 
increase the risk of sudden death and car-' 
diac arrest in patients who have had a myor' 
cardial infarction and Who have asymptom- 
atic; unsustained ventricular arrhythmias 
(CAST Investigators, 1989). For this rea- 
son, these drugs are no longer indicated for 
benign or potentially malignant ventricular 
arrhythmias. All of these drugs can aggra- 
vate sinus mode dysfunction; hemt failure 
can also be aggravated, but this effect 
seems most prominent for flecainide and 
indecainide. High therapeutic doses of fle- 
cainide and encainide cause visual disturb- 
ances; 10 to 15% of patients treated with 
flecainide have such symptoms; usually 
blurred or double vision on quick, far lat- 
eral gaze. Propafenone has been associated 
with granulocytopenia and with a SLE-like 
syndrome; The concentrations of flecai- 
nide, encainide, and propafenone inplasma 
increase; during concurrent administration 
of cimetidine. 
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Glass Hi j8t Adrenergic Antagonists 

The phafmacqlogy pf the j^a^idr^nergic 
blocking agents is discussed in Chapter 11. 
Only properties related to their use in the 
treatment of cardiac arrhythmias are con- 
sidered here. Propranolol, acebutolol, and 
esmolol are indicated for the treatment of 
arrhythmias. Metoprolol, propranolol, and 
timolol are used prophylactically after myo- 
cardial infarction to reduce the incidence of 
sudden death in these patients. 

Cardiac Electrophysiological Effects. 

Most of the antiarrhythmic effects of /3- 
adrenergic antagonists can be explained by 
their selective blockade of j8 receptors. Pro- 
pranolol is knowh to have two other direct 
actions that may be relevant to its antiar- 
rhythmic activity : it increases bacl^ound 
Outward cuitent Ok,) and, iii hiigh concen- 
tratiohs,' it signijpcantly depresses i^a 
(iriembrane-stabiiizing action). .' ,= 
Automaticity . jS-Adrenergic stimulation 
causesi a- marked ^increase, in the skpe of 
phase-4 depolarization' and in the spontanea 
ous firingf rate of the sinus node. This«flfect 
is .competitively .blocked iby j^-adrenergic 
antagonists. 'The effect on sinus.i rate is 
small when catecholamines are? absent. 
However,*; blockade of. ^8 receptors can 
cause severe slowing of sinus rate in pa- 
tients with preexisting sinus node disease 
(Strauss et aU, 1976). There are also signifiT 
cant inhibitory effects on automaticity in 
cardiac Purkinje fibers when their firing 
rate has been increased by catecholamines. 
Under some circumstances, cardiac Pur- 
kinje fibers require the action of catechol- 
amines to sustain their spontaneous activ- 
ity: In this case, ^-adrenergic antagonists 
can totally gtbplish automaticity in the His- 
Purkirye system. ;At low concentrations, 
proprstnolol inci^eases outward background 
cutrent, iK,v in Purkinje fibers, as do lido- 
caine and phenytoin; this action decreases 
autoniaticity as well (Stagg and- Wallace, 
1974). Other ^-a^lrener^c antagonists in 
clinical use .appear to lack this action. 
■ Excitability and Threshold. The electri- 
cal threshold of the atria and ventricles of 
normal dogs is not affected by /3-adrenergic 
blockade^ but the threshold fon fibrillation 
after experimental infarction is increased 
(Gang et al., 1984). 
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Responsiveness and Cariduction, , Qnly: 
very high; concentrations of; propmipiol 
(fe;ffi> 1000 to JOOO ng/ml> decrease; Eesponi 
siveness in Purldnje fibers . (Davis and 
Temte; 1968)iy These; eoneeralrations. are 
much? higher than those needed for sub4 
stanliai: v^--adrenergic Ablockade ; (100 to 
300 nig/ml). However, concentrations over 
1(K)0 ng/ml are sometimes required for con- 
trol of ventricular arrhythmias (Woosley 
et ah , 1977). Low-amplitude premature re- 
sponses aiie aboUshed) i by propranolol 
(Davis and Temte, 1968). These effects are 
similar to those /seen with Udocaine or 
phenytoin -and are probably due to an in-i 
crease in ^k,- Different effects may occur in 
abnormal fibers. In the dog heart in situ, 
propranolol causes slowing of intramyocar- 
<Kal - (Conduction in muscle that is maide 
acutely:; ischemic: It has hp; such effect 
oh ■ normal ; portions ' of itfie .yehtiicle 
(Kupersmith aL, 1976). Slow responses 
can b^ dependent on catechplamihes, as 
Cadi^ ; Jafterdepolsmzatiort^ jS-adrt riefgic 
l?l6ckers jameliprate an-hythmias caused by 
thesie^ inecbanisms> 

Duration- of the Action Potential and 
Kefiractorine:i's. Blpckade of )8 receptors 
has little effedt on the duration of action 
potentials in the sinus node, atrium, or AV 
node; the effect on action potentials in ven- 
trieular muscle or Purkinje fibers is' v^iri- 
able; All /3-adrenergic blocking drugs causes 
a substantial increase ih the ERP of the AV^ 
node; this; action is the basis for the major 
uses of these drujgs as antiarrhythmic 
aigents. ■ 

Effect on Reentrant Arrhythmias. In 
supra;yentricular tachycardia due to AV 
nodal reentry, the j8-adrenergic antagonists 
abolish reentry by increasing AV nodal re- 
frac^torihess; In the Ventricles, these dnigs 
abplish slow resjponses that ^^e dependent 
on catecholamines. In addition^ proprano- 
lol can repolarize tissues that have been 
depdiartzed by stretch or low [K]o, and 
thus eiihantes fast responses in ii^themic 
ventricular muscle. In higher concentra- 
tion, propranolol and acebutolol have 
"quinidine-like" effects on pJiase-O depo- 
larization and responsiveness of Purkinje 
fibers. In addition, j8-adrenergic antago- 
nists may favorably influence arrhythmias 
by decreasing myocardial oxygen utiHza- 
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tion, thereby reducing myocardial ische- 
mia. ■ • ■ ■ 

Electrocardio^raphiq Effects. jS-Adrip- 
nergic blockade causes a small increase in 
the P R interval but has no effect on the 
durktion of the QRS complex. Effects on 
the Q-fTc interval vary with individual 
dni^. lii. ,maiii, jS-adrenergic blockade 
causes a substantial increase in the ERP of 
the AV node, but there is no increase in the 
H-V interval (Seides et al., 1974): 

Autononiic Nervous System Effects. All 

^-adrenergic blocking drugs that are used 
to treat arrhythrtiias leave vagal an4 «- 
aLdretiergic mechanisms intact. Propranplpi 
blofck'^ bpth and /Sj-adrenergic receptbrs 
a^rt^ lias siibsitantial local anesthfetic (riiein- 
brane-stabilizing) actions, but it exhibits no 
intrinsic syihpathpmiineitic activity. Both 
^cefeiitpidl a:nd esnioiol arfc relati^':ely sele^- 
tivd jSi-adreni^rgic ^tagohi^ts; th^ tbrip^r 
diiig po^ds^ significant 'in|ton^ic sVpi- 
pathoriiiihe^ic activity V and in^mbi*ah:e:f 
stabilizinS actions ,^''' w the Jatter dpe^ 
tidt. A dietailed discussion of jS-adrenergic 
antagonists is presented in Chapter 11. 

Absorption, Distribution, and EUmina- 
tion. Propranolol. Intestinal absorption 
of propranolol is eixcellentV but extensive 
first-pass metabolism reduces bioavailabil- 
ity t© about 2S% isee Chapter 11; Appendix 
II). Its half-time for elimination is aboiit*;4 
hoiirsf As With lidbcaihe, the h^patiq , 
traction of propranolol is very high anii 
elimination is significantly reduced when 
hepatic blood flow decreasies. Propranolol 
may decrease its own elimination rate by 
decreasing cardiac outpiit and hepatic 
blood flow, particularly in patients with left 
ventricuiar dysfunction. 

Acebuibldl. Eike propranolol, acebuto- 
lol is wfell absorbed from the gastrointesti- 
nal tract, and its oral bioavailability is less 
than 50%; substantially higher values occur 
in elderly patients, and reduction of dosage 
may be required. The principal metabolite 
is N-acetylacebutolol (diacetolol), which is 
equipotent as a /8 blocker and even more 
selective for /3i receiptors as compared with 
the parent drug. The elimination half-time 
of acebutolol is about 3 hours and that of 



diacetolol is 8 to 12 hours. Diacetolol is 
eliminated largely by urinary excretion; 
lower doses of acebutolol are thus xequired 
for patients with renal failure. 

EsmoloL Esmolol is given only by intra- 
venous infusion; it distributes to tissues 
with a half-time of 2 minutes. The ester 
bond of esmolol is hydrolyzed rapidly by 
esterases in red blood cells; The eUmination 
half-time is about 8 minutes and the metabs 
olites are inactive. . ^ < > 



Dosage and Routes of Adrninistration. Pro- 
pranolol. Propranolol is primarily giv^n pr^ly 
for long-term treatment of cardiac arrhythmias. 
Concentrations in plasma that are associated with 
therapeutic effects vary widely (20 to 1000,ng/ml) 
and- depend on the arrhythmia being treated. The 
dosage ranges from 30 to 320 mg per day for treat- 
ment of arrhythmias that are sensitive to effects rof 
the drug. A$ much as 1000 mg a day may he needed 
to suppress some ventricular anrhythmias. Pro- 
pranolol is effective when given three to four times, 
a day. The duration of action can be prolonged 
by the administration of large doses, » since ^- 
adrenergic blocking agents have a greater inargin of 
safety than do most antian-hythmije dJ^s. F^^ 
emergency u$e, propranolol can be injected intra- 
venously; 1 to 3 mg is given over seveijal, minutes 
with careful monitoring of the ECG, arterial bipod 
pressure, ?ind pulmonary arterial pressure (by 
means of a iSwan-Ganz catheter); this dose may be 
repeated after a few minutes if necessary. Much 
lower doses are needed to aciiieiye a given; plasma, 
concentration; when given intravenously thari^ter 
oral administration bec;ause first-pass hepatic e^Cn 
traction is avoided. > 

Acebutolol. Acebutolol is given , orally for the 
treatment of cardiac ai^rhythmias. The usual: initial, 
dose vis 200 mg taken twice a day, The dpsage is 
gradually increased to a maximum d^ly dose of 600 
to 1 200 mg given in two pprtions . . 

Esmolol, Esmolol is administered intravenously 
for short-term , or emergency treatment pf supra- 
ventricular tachycardias. Dosage regimens, are dis- 
cussed in Chapter 11. After control of ventricular 
rateis achieved, long-term oral therapy is instituted 
with an appropriate drug. 

Therapeutic Uses. Supraventrieulctr Ar- 
rhythmias. Propranolol is used primarily 
to treat supraventricular tachyg^rthythmias 
such as atrial fibrillation, atrial flutter, or 
paroxysmal supraventricwlar tachycardia. 
For these arrhythmias, the ' objective of 
therapy usually is to slow the ventricular 
rate rkther thah to abolish the arrljythrilia. 
ftropi^oloI;accpmpUsheS;tlu objective: by 
blocking /3-adrenergic influences on the AV 
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node, thereby increasing refractoriness of 
the AV node. Only rarely does propranolol 
Convert these supraventricular arrhythmias 
to sinus rhythm. Not infrequently, propran- 
olol and digitus will successfully control 
the ventricular rate in patients with atrial 
fibiiilation or flutter when maximal doses of 
digitus alone do not; this additive effect 
may result from the fact that digitalis in- 
creases vagal tone, while propranolol 
blocks iS-adrenei-gic influences on the AV 
node. 

Combination therapy with quinidine and pro- 
pranolol probably improves the Ukelihood of con- 
verting atrial fibrillation to siiius rhythm. Proprano- 
lol has been helpful in preventing pziroxysmal 
supraventricular tachycardia due to AV nodal re- 
ciprocation and the paroxysmal supraventricular 
tachycardia of the WoUf-Parkinson-White syn- 
drome alone or in combination with quinidine. In 
the latter condition, quinidine increases the refrac- 
toriness Of the accessory AV connection and pro- 
pranblol can be relied upon to increase AV nodal 
refractoriness. Esmdlol is indicated for rapid con- 
trol of ventricular rate in patients with atrial flutter 
or fibrillation in postoperative or other emergency 
circumstances in which control with a short-acting 
agent is desirable (Angaran et al., 1986). 

Ventricular Arrhythmias. Doses of propranolol 
of as much as 320 mg per day are not likely to be 
effective agiainst ventricular arrhythmias except in 
special circumstances. Propranolol is an excellent 
choice for treatment of symptomatic ventricular 
premature depolarizations in patients without 
structural heart disease; Uie drug often markedly 
reduces symptoms, even when the arrhythmik is 
not greatly affected. When ventricular arrhythmias 
are triggered by exercise or emotion, smaller doses 
of propranolol {e.g., 80 to 160 mg per day) are very 
likely to prevent them. In patients with ischemic 
heart- disease, propranolol may eimeliorate ventric- 
ular arrhythmias by preventing or reducing ische- 
mia. However, rriost ventricular arrhythmias re- 
spond incompletely or not at all to conventional 
doses of propranolol. Large doses of propranolol 
(500 to 1000 mg a day) may be required to control 
ventricular arrhythmias (Woosley et al., 1979). 
Acebutolol is indicated for the management of ven- 
tricular premature complexes (Singh et al.. 1986). 
Propranolol is the drug of choice for severe ventric- 
ular arrhythmias in the prolonged Q-T syndrome; 
when propranolol fails, removal of the left stellate 
ganglion may be effective (Schwartz, 1984; Moss 
et al.. 1985; Moss, 1986). 

Three large, randomized, placebo-controlled 
trials with timolol (10 mg twice a day), propranolol 
(60 or 80 mg three times a day), and metoprolol 
(100 mg twice a day) showed that treatment with 
these iS-adrenergic antagonists was effective for 
reducing death and nonfatal myocardial infarction 
in the year after acute myocardial infarction (Beta- 



Blocker Heart Attack Study Group, 1981; Norwef 
gian Multicenter Study Group, 1981; Symposium, 
1984a). ;^ ^ 

Digiialis-Irtducie'd Arrhythmias . Propranolol 
abolishes vfentricul^u- ari-hythmias induced by digi- 
talis by effects both directly on the heart ahd, prob^ 
ably, on the CNS. However, the incidence: of ad- 
verse effects {e.g., sinus bradycardia or AV block) 
during treatment of digitalis-induced arrhythmias 
with propranolol is higher than with phenytoin 6r 
hdocaine. 

Untoward Effects. In patients with ven- 
tricular failure, the level of sympathetic ac- 
tivity is high and can provide sigjiificant 
support to the ventricle. Therefore, when 
iS-adrenergic antagonists are used as antiar- 
rhythmic drugs, signific^t hypotensiph or 
left ventricular failufe can occiir. Hb^eyer, 
many patients who have ventricular failure 
can tolerate long-term oral therapy with 
propranolol if digitalis, valsbdilators, or di- 
uretics are used concomitaritiy, Tlie potent 
effept of j(8-adrenergi^ blockade on conduc- 
tion in the Ay riode caii also lead to serious 
adverse effect's, such as AV block or asys: 
tole. Sudden withiiravi'al of i8-adrenergi4 
Antagonists in patients with angina pectoris 
can precipitate worsening of angina, car- 
diac arrhythmias, and aciite myocardial in- 
farction. Other untoward effects are de- 
scribed in Chapter 11. 

Class III: Bretylium, Amiodarqne, and 

SOTALOL 

The drugs in class III possess diverse pharmaco- 
logical, properties. However, they all share the ca- 
pacity to prolong the duration of action potentials 
and refractoriness in Purkirye and ventricular mus- 
cle fibers. AU of these drugs have significant inter- 
actions with the autonomic nervous system. Bre- 
tyhum wEis approved in 1978 for emergency 
treatment of drug-resistant ventricular fibrillation 
or sustained ventricular tachycardia. Amiodarone 
was approved in 1986 for the treatment of recurrent 
ventricular fibrillation br sustained ventricular 
tachycardia that is resistant to other drugs. Sotalpl 
is under investigation for treatment of life-tiireaten- 
ing or symptonntatic ventricular arrhythmias. 

Chemistry. Bretylium, ^niodarone, and sotalol 
have the. following structural formulas. 



CH3 
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Sotalol 

(Cardiac Electrophysiological Effects. Duration 
of the Action Potential and Refractoriness. All 
class-Ill drugs prolong the action potential duration 
and the ERP of Purkinie fibers and ventricular 
muscle cells. Except for bretylium, these drugs 
produce similar but less intense effects on these 
parameters in atrial and AV nodal cells, 
, Automaticity. There is little direct effect of the 
drugs in cjlass III or automaticity in the sinus node 
and ithe Ris-Purkinje . system. Bretylium brieflx 
increases automaticity immediately after , its. iajecr 
tipn by releasing norepinephrine from sympathe^p 
nerve terminals. These effects can be prevented 
experimentally by prior depletion of catechol- 
arnines witfi reserpine or clinically by /3-adrenergic 
biogkade ;j(Bigger and Jaffe, 1971). Amiodarone 
substantisiily decreases t^e automaticity of the 
siiius node and the His-Pi^^kinie system by mech- 
anisms thit are not understood; the di?y(g_(or its 
metabolites) may possess noncompetitjiye . ^- 
adrenergie blocking actions. Sot^dol decreases au- 
tomaticity, presumably because it is a jS-adreaergic 
ant^onist (Carmeliet, 198^), 

Exeitability ajnd Threshold. The class-Ill drugs 
have little eflfect on diastolic electrical current 
threshold. However, they substantially increase 
the threshold for .ventricular fibrillation (Kniffen 
et ah, 1975; Symposium, 1983; Lynch ef aZ.> 1984). 

Riesppnsiveriiess , and Conduction. Br<etylium 
jand sQtalol have nio significant effect on membi^e 
ri^siponsiveness, or conduction in cardiac Purkiuie 
fibers! Amipdjurpne binds to inactiyated Na^ chan- 
nels and decreases membrane responsiveness and 
conduction in Purldnje fibers (Mason e/ a/,, 1984). 
Conduction through the AV node is decreased sig- 
luficsuatly by jsotalol and amiodarone, but is little 
affected: by bretylium. 

Effect oriReentrmt Mrhythniias. Amiodarone, 
bretylium, and sotalol are thought to, terminate re- 
entrant arrhythmias by markedly prolonging refrac- 
toriness without affecting propagation of the car- 
diac iiippulse (Singh and Nadesmahee, 1985). In 
aidditipn, .bretylium may cause repolarization and 
.iiierea3e4vpit9: of con^uc^ in abnormal depolar- 
,i?ed reippns.hy releasiing;^ ; 
: - Electrocardiographic^ Effects. At therapeutic 
concentrations in man, amiodarone and . sotalol 
decrease heart rate; bretylium causes little change. 
During long-term : treatment with, ^ .a^ 
symptomatic sinus bradycardia can develop. Amio- 



darone and sotalol, but not bretylium, cause a sub- 
stantial increase in the P-R interval. All three 
drugs prolong the Q-T^i J-T, P-A, and A-H inter- 
vals. Only amiodarone increases the H-V interval 
and the duration of the QRS complex (Mason, 
1987). 

Autonomic Nervous System Effects. None of 
these three drugs alters vagal reflexes or the re- 
sponsiveness pf cardiac cholinergic receptprs. 
SptalPl is a /3-adrenei:igic antagpiiist. whilfe amio- 
dm-pne causes some honcompetitive ' a- and 
/3-adrenergic blockade. Like guanethidihe, bretyl- 
ium is taken up and concentrated in adrenergic 
nfetve terminals {see Chapter 33); Initially; bretyl- 
ium releases norepinephrine from nerve terminals; 
later, if prevents releaser of tile transmitter. It dpes 
not depress conduction iri ; sympathetic riervesv 
impair transmission acrpss ganglia, deplete the ad-^ 
renergic neurpn pf hprepinephrine, or decrease the 
responsiveness of adrenergic receptors. During 
long-term treatment with bretylium, adrenergic 
receptors show increased responsiveriess to circu- 
lating catechblamihes. , 

Hemodynamic Effects. None of the three drugs 
in class III directly decreases the contractility 
of the mammalian myocardium. However. 0- 
adrenergic blockade with sotalol can reduce car- 
diac function in patients who axe dependent upon 
the sympathetic nervous system to maintain a 
normal cardiac output. Although bretylium can 
increase myocardial contractility transiently by 
releasing catecholamines, it can also cause 
orthostatic hypotension by blockade, of sympa- 
thetic cardiovascular reflexes (Chatterjee et al., 
1973). Amiodarone can decrease myocardial pxy- 
geA demand and enhance cardiac performance be- 
cause it relaxes vascular . sinopth ..muscle and. der. 
Greases systemic and «>FPnary vascular resistance. 

Absorption, Distribution, and Eliminatibh. 

Bretylium. Oral absorption of bretylium is,, poor, 
as would be expected of a quaternary amine. After 
intramuscular administration, bretylium is ehmi- 
nated almost entirely by renal excretion, without 
significant metaboUsm. The average half-time for 
elimination is about 9 hours; half-times of 15 tp 30 
hours occur in patients with renal insufficiency (.see 
Heisseributtel and Bigger. 1979). 

Amiodarone. Oral doses of amiodarpne are 
poorly and slowly absorbed; the bioavailability is 
about 45%, with marked interindi^^idual variability. 
Peak concentrations in plasma occur about 5 to 6 
hours after an oral dose. Aniiodarpne is extensively 
bound to tissues and is metabolized slowly in the 
hver. Thie elimination of the drug displays complex 
pharmacokinetic properties, but the half-time of its 
elimination is estimated to be about 25 to 60 days. 
During long-term treatment with atuiodarpne, the 
active desethyl derivative accumulates in plasma, 
and its concentration may exceed that pf the parent 
compound. . 

Sotalol. Oral doses of sotalol are readily ab- 
sorbed, and the bioavailability is nearly 100%. 
Maximum concentrations in plasma are reached 2 
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to 3 hours aftet adiniriisttation, and only a small 
fraction' of the drug ib bound to plasma proteins: 
The half-liife of elimination from plasma is about 10 
t;6 15 hours. The elimination of sotalol is almost 
ehtirfely - by urinary excretion of unchanged drug, 
and dosage must be reduced in patients with renial 
failure.,,., „,--rS'f .-; . <;■;■.-■■ -.-^ 

Preparations, and Routes of Admin- 

istration. ,Srery/iMm. . Bretylium .is available a5» 
bretylium tos^late (BKETYiJot.) in a solution cpjo.- 
taining SOrjngi'nil. The drug is diluted to a concen- 
tration, of 10 mg/ml or less, and a dose of. 5 to 
iO nig/kyi.is indfii 10 to 30 minutes; subse- 

quent doses can be given at intervals of 1 to 2 hours 
if ^jlie arrhythmia persists or every 6 hours for main- 
tenance. The dosing interval should be inpreased ip 
patients j^^ith 'impairfsd ren^ ftinciipn- In emergen-^ 
cies, sucifi as during c^diac resuscitation, a dose of 
5 mga^ of the undiluted; 5pliition can be injected 
intrayenousily; if ventricular fibrillation persists, 
the dose may, be" increased to lO mg/Icg and re- 
peated as necessary. For intramuscular administra- 
tion, undiluted bretylium tosylate should be iised, 
and the dose of 5 to 10 mg/kg is repeated every 1 to 
2 hoUrs if the arrhythmia persists or every 6 to 8 
hours for maintenance. 

Amibdarone. Amiodarone hydrochloride (coR- 
UARone) is supplied as 200-mg tablets. Because it 
can take severabmonths to reach full effect, loading 
doses of 800 to 1600 mg per day are given for 1' to 3 
weeks in hospital, with continuous electrocardio- 
graphic itionitoring. Then, daily doses of 600 to 
800 ^mg ate given (usually for 4 weeks) before main- 
tdnance treatment is- started with 400 to 600 mg'per 
d&Yi IVeatmentis evaluated after 2 to 8 weeks » usu- 
ally ■^ithsprogrammed; ventricular stimulation. The 
drug is continued if the sustained: ventricular, ar- 
rhythmia becomes noninducible or is slowed 
enough to be asymptomatic. Long-temii effective 
ti'eatncieiiir hks ^iei^eft asscidated with plasiria cOiicen- 
ti^t^ns 6f i!0 tb 2.5 jtiMiil. 

5o^<a/o/^ $biitlal iS not yet available, for general 
use :m the' tJnMed States, and its formulation has 
ttdt been |inadiz^ DdSes of 80 to 320 mg twice a 
d^^y ^hav? ' been used td treat ventricular ' arrhyth- 
\nias. The initial doSe is usually 80 mg twice a day 
and is increased as needed every 3 or 4 days. Effi^ 
cacy is evaluated either by 24-hour ECG recordings 
or by ptbigi-ammed ventricular stimulation. 

Therapeutic Uses; Bretylium is eurriently recom- 
mended brtly for treatiihettt of life-threatening veri- 
tricular arrhythmiats that fail to respond to adequate 
doses 6f a first-Hrie antiarrhythmic drug such as li- 
docaihe or procainamide . Use of bretylium should 
be limited to intensive care facilities. The response 
of severe, refratctory ventricular' fibrillation has 
been impressive (see Heissenbtittel and Bigger, 
1979; Symposium, 1984b). Ventricular tachycardia 
Usually iresporids only after some time-— 6 hours or 
more after administration of a dose. 

Because of its Ibng half-life and life-threatening 
adverse ettects (5ee' below), amiodarone is indi- 
cated only for recurrent ventricular fibrillation and 
recurrent, hemodynamically unstable sustained 



ventricular tachycardia. Treatment should always 
be .started in hospital, and; efficacy must be as- 
sessed with a provocative approach (usually pro- 
grammed ventricular stimulation). Tlius, amio-- 
darone should be used only in hospitals wifli 
electrocardiographic monitoring and clinical elec- 
trophysiological facilities . Intravenous use of amio- 
darone is under investigation for the emergency 
treatment of persistent or frequently recurring, life- 
threatening ventricular arrhythmias. 

Sotalol - is apparently a much safer drug than 
amiodarone, and it may becom6 a good furst choice 
for the treatment of malignant ventricular arrhyth- 
mias, as well as for benign or potentially malignant 
ventricular arrhythmias. Sotalol appears to be ef- 
fective for the treatment of paroxysmal supraven- 
tncular; tachycardia and atrisd fibrillatiori, but coril^ 
paratiVe' studies'- have not y^t^fifinly;;po'sitibned it 
relative^to alternative nibdes of treatment. ■ ' 

"Untoward Eftfects. Hypotiensibn is the principal 
undesirable effect of bretylium when it is used in- 
travenously to treat acute arrhythmias. Orthostatic 
hypbtehsion is usually significatiti and^ supine hy- 
potension is cditimori. Rapid iritraVenotls adkhinis- 
tiatibn kniay cause nausea and vbmiting. ^Tricyclic 
ahtidepressant drugs can prevent uptake -Of bretyl- 
iiiih by adrenergic nerve terminals. • ■ 

Adverse efifectis of amiPdarone 'are conMioh and 
increase markedly after a 'year of treatment; they 
affect many origan system's, and isoM^ cau^e d^Mh 
(Mason, 1987)i- Mate Wnan 75% 6f pati^idUe^" Seated 
fbr 1 to 2' yeaf s expeneiiSiie adverse=efifeet^«uid<2f td 
33% diScbritiriTie treatmeiftt because of thein. Symp- 
tomatic pullhbhary toxicity occurs in 10 to •15%^6f 
those treated for 1 to 3 years and can cause de&th'itt 
about 1=0% of those so affected . Hepatic injtiil^^ ^ 
commoi) but is rarely fatal. Aggravation bfari'hyth- 
ihias bccurs in 2 to 5% of patienfts teceiyitig the 
drug; Asymptbihatic corneal microdeposit^ occitr 
in all. Cutaneous photosensitivity ocdurs iri 'lO' tb 
15% and blue discoloration in aboiit 5% 'during 
long-term therapy. Amiodarone inhibits the periph- 
eral conversion of thyroxine to triiodothyroriine; 
although symptomatic hypbthyrbidism bteurs in 
5% and hyperthyroidism in 2% of patients i abhpr- 
nial tests of thyroid function ares n^uch ittore cbih- 
mon. Substanitial increases in LDL-cholesterol 
concentrations are frequently observed; ' 

Sotalol has the typical adverse effects of a /3- 
adrenergic blocking £igent {see Chapter 11). In a 
large controlled trial, treatment with the drug was 
discontinued because of the developritient of heart 
fEuU[urfc(r%); proarrhythrhias (2:5%), and bradycar- 
dia (3%). Torsades de poirites occnts iti about 2% 
bf the patients treated with stitalbl for malignant 
ventricular arrhythmias, usually in the first Week *bf 
treatment and aftei- the Q-Tc interval is substdn^ 
tiaily pi-olonged. The Q-T^ interval shbuld%e mon- 
itored durihff treatinent -and cdnsideratib'n giVeri to 
decreasihg the dosage of sotalol if it exceeds 0.50 
second. 

Drug Interactions. Amibdarbrie increases the 
plasma concentrations and effects bf digoxiii, 
warfarin, quinidine, procainamide, phenytoin. 
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encainide. flecainide, aad diltiazem. Amiodarone 
increases the likelihood of bradycOTdia, sinus ar- 
rest, and AV block when /8-adrenergic antagonists 
or Ca^^-channel blockers are administered con- 
currently. Because of its slow elimination, the po- 
tential for interactions and other adverse effects 
persists for many weeks after amiodarone is 
discontinued. * 

Class iV: Verapamil and Diltiazem 

The Antiarrhythmic agents in CJla^s IV 
are Ca^+-channel blockers. The clinically 
important consequences of this action fof 
the treatment of arrhythmias are depression 
of Ca^+ -dependent action potentials and 
slowing of conduction in the AV node: Ver- 
apamil is the only Ca^:^-channel bloclker 
that is currently marketed as an antiar- 
rhythmic drug; the efficacy arid safety of 
diltiazem for the treatment of supraventric- 
ular arrhythmias are being evaluated. 

Verapamil, a derivative of papaverine, 
blocks Ca^"^ channels (principally L chan- 
nels) in the membranes of smooth and cai-T 
diac muscle cells. In 1981, verapamil was 
approved in the United States for treatment 
of angina i>ectoris and ,sU)praventricular ar- 
rhythmias. The general discussion of Ca?+- 
channel blockers appears iii Chapter 32, 
PisGussioh hei-e is coinfiried to their use iii 
treating arrhythmias; 

Cardiac Eleetrophysiologieal J^lftects. 
Verkiiamil arid diltiazem have direct effects 
on the electrical and mechanical properties 
of heart muscle and vascular smooth mus- 
cle cells. 

Impulse Formation. Verapamil and dil- 
tiazem slow the spontaneous firing of pace- 
maker ceslls in the sinus node m\v/?ro. How- 
ever, in intact animals and in man the heart 
rate slows only minimally beqause this 
direct effect is counteracted hi inbrbased 
reflex sympathetic activity resulting from 
arterial vasodilatation. 

Verapamil decreases ttie rate of phase-4 
spontaneous depolarization in cardiac Pur- 
kinje fibers (Dianilo et at., 1980) and can 
block theldeiayed afterdepolarizations and 
triggered activity seen iri experlnaentai digi- 
talis toxicity (Rosen and Damlb,- 1980). , 

Effect on Reentrant Arrhythmias.' The 
most marked effect of y erapamil or <Mltia- 
zeni is to decrease' the conduction velocity 
through the AV node and increase its func- 



tional refractory period. The effect on AV 
nodal conduction is presumably a direct 
result of Ca^"^-channel blockade, but it is 
not prominent at concentrations of certain 
other Ca^^-channel blockers (e.;g., nifedi- 
pine) thiat are achieved chnically. Depres- 
sion of the AV node is responsible for slow- 
ing the ventricular response to atrial flutter 
or fibrillation and termination of paroxys- 
mal supraventricular tachycardia: 

Electrocardiographic Effects.. Verapa- 
mil and diltiazem increase the P-R interval 
in sinus rhythm and slow the ventricular 
rate substantmlly in piitiehts with atrial 
fibrillation. ^^^S 

Autonomic Nervous System Effects. JSJ^i- 
ther verapamil nor diltikzem ha^ cholin- 
ergic or /8-adreriergic bipckirig properties. 
However, verapamil does have appreciable 
a-adrenergic blocking activity . 

Absorption, Distribution, aiid Eliftiina- 
tion. .the pharmacokinetic propett^^ Qf 
vetapaiidl aiid diltiazem s^e^^^^^ 
Chapter $2 Cyee aisb^pendix JD^ / 

D<»age and Routes of Admiriistratibn. To con- 
vert PSVTtd sinus i-hythm, a dose of 5 to 10 mg of 
verapamil is given intravenously over at least 2 to 3 
minutes. To obtain rapid cpntrpl of the ventricular 
rate in atrial fibrillation or atrial fltitter, 10 mg of 
ver^P&ihii can be given ihtravenbuisly oyer 2 to 5 
minutes, and this dose can he repeated in 30 miur 
utes if necessary. To prevent recurrencesjof PSVT 
or to control the ventricular response to atrial fi- 
brillation, oral doses of 240 to 480 ni^jpeir dfy ^e 
giVeh ' in three to four' divided portions . 

Although not yet an approved indication, oral 
doses iof 60 to 90 mg of diltiazem given every 6 
hours have been used for prophylaxis against 

psvT. .. : 

Thprapeiitic Uses." Supraven^triculdr Ar- 
rhythmias. Verapamil has become the 
drug of first choice for abolishing acute 
episodes of paroxysmal supraventricular 
tachycardia due to AV nodal reentry or dije 
to anomalous AV connectiorisi Verapamil is 
also very useful fdr immediate reduction of 
the ventricular response to Atrial fibrillMbn 
or atrial flutter unless the arrhythmia is as- 
sociated with the Wolff-ParkiriSori- White 
syndrome. In man, intravenous verapamil 
(75 /Ag/kg) slows th^ yeritricular response to 
atrial fibnltetion by about 30%. Atrial tachy^ 
cardia with AV block caused %y digitalis 
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toxicity may be a manifestation of delayed 
afteirdepolaiizations and triggered activity. 
Verapamil could be ^effective in abolishing 
this arrhythmia, but its use is. too risky be^ 
cause it can cause additional AV block and 
suppress automaticity in the Hisr-Purkiiue 
system. Diltiazem has similar effects but is 
not yet approved for this use. 

Ventricular Arrhythmias . Yerapamii diltia- 
zem do- not have a major role in the treatment of 
veritriciilar arrhythinias. Verapamil and diltiazem 
are used to treat ventricular tachycardia and ven- 
tricular fibrillation caused by coronary artery 
spasi:|(i; they prevent spasm and improve the toler- 
ance of ventricular tissues to ischemia, rather thajti 
having a significant direct antiarrhythmic effedt. : 

Untoward Effects. The principal adverse 
effects of veraipaihil and diltiazem are car- 
diac and gastrointestinal. Intravenous use 
of these diiigs is contraindicated in patients 
who have hypotension, severe heart fail- 
ure, sicK siniis syndrome, AV block, atrial 
fibiiUafipn, Wolif--Paridnson- White syn- 
drome, or ventricular tachycardia (McGov- 
em et a/., 1986). yerapamil caii increase the 
ventricular rate when given intravenously 
to patients . with the Wolff-Parkinson- 
White syndrome and atrial fibrillation. This 
is due to reflex ihcirieases in sympathetic 
nervoils activity (Gulamhusein etal. , 1 982) ; 
in some patients, a reduction of the ERP in 
the bundle of Kent also contributes to the 
increase in the ventricular rate. Verapamil 
caii also cau'^e severe hypotension or veh- 
tricuiar ^biollatioh in pktiehts with ; ventric- 
ular tachycardia (Rankin a/., 1987)^ Un- 
expected sinus bradycardia, AV block, left 
ventricular failure, or hypotension can 
occur in elderly patients after intravenous 
administration of verapamil. Lower doses 
and a slower rate of injection should thus 
be used in patients over the age of 60. 
The major gastrointestinal adverse effect of 
verapamil is constipation, but gastric upset 
and other uPper gastrointestinal symptoms 
can occur as well. Diltiazem is better tol- 
ei'ated in this regard. 

Drug Interactions; Concurrent use of verapamil 
and )8-adrenergic blocking agents or digitalis can 
lead to significant bradycardia or AV block. The 
main reason for this is the additive effects of these 
drugs oh the siniis or AV nodes. In addition, vera- 
pamil interacts with digoxin in a manner similar to 
the quinidine-digoxin interaction {.see Chapter 34). 



Concomitant use of verapamil or diltiazem with 
antihypertensive drugs that depress the sinus nod^ 
{pig., reserpine or methyldopa) can intensify sinus 
bradycardia. . 
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